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A Colorimetric Method for the Determination of Sulphur Dioxide in Air 


A. M. STANG, Senior Industrial Hygienist 
J. E. ZATEK, Junior Industrial Hygienist 
C. D. ROBSON, Advanced Research Technician 


Bureau of Industrial Hygiene 
Pennsylvania Department of Health 
Harrisburg, Pennsylvania 


ULFUR DIOXIDE is one of the most com- 

mon industrial and atmospheric con- 
taminants. It is among the most fre- 
quently occurring gases of hygienic im- 
portance in industry and is of particular 
significance in atmospheric pollution. Be- 
cause of the low concentrations of sulfur 
dioxide which are generally present in out- 
door air, it is essential in the quantitative 
determination that a sensitive and reliable 
method of analysis be used to obtain a high 
degree of accuracy. 

The method employed in this laboratory 
for the past three years with satisfactory 
results is based upon the color reaction 
of sulfur dioxide with fuchsin in the pres- 
ence of formaldehyde and sulfuric acid 
as described by Steigmann! and adapted 
for use in air analysis by a modification 
of the method as presented by Grant.2 A 
later modification of the color reagent as 
described by Steigmann® has now been in- 
corporated in our method. This method 
can be utilized both for in-plant air or 
outside air analyses by the proper appli- 
cation of sampling and analytical proced- 
ure. The standard and midget impingers 
containing 0.05 N sodium hydroxide so- 
lution and glycerine as an oxidizing in- 
hibitor are used for the collection of the 
sample. The method of analysis is a colori- 
metric determination by the addition of 
color reagent to an aliquot of the sample. 


Reagents 
1 TEN PERCENT glycerine in distilled 
* water. Prepare from C.P. glycerine. 


2. One-tenth N sodium hydroxide solu- 
tion. 

3. Collecting solution: 1% glycerine in 
a solution of 0.05 N sodium hydroxide. 
This may be prepared by taking 500 ml. 
of 0.1 N sodium hydroxide solution and 
adding 100 ml. of a 10% glycerine solution 
and bring to a liter with distilled water. 

4. Standard solution: Dissolve 1.6245 
gm. of C.P. sodium bisulfite, in 1 liter of 
collecting solution (10% C.P. glycerine in 
0.05 N sodium hydroxide solution). Each 
ml. of this solution is equivalent to 1 mg. 
of sulfur dioxide. This stock solution is 
further diluted by taking 10 ml. and dilut- 
ing to 1 liter with collecting solution. Each 
ml. of this standard solution is equivalent 
to 0.01 mg. of sulfur dioxide. 

5. Fuchsin base solution: Dissolve 1.5 
gm. of basic fuchsin in 50 ml. of ethyl 
alcohol. This solution should be stored in 
the absence of light. ; 

6. Thirty-seven per cent formaldehyde 
solution, analytical grade. 

7. Concentrated sulfuric acid C.P. Sp. 
Gr. = 1.84. 

8. Color solutions: 

Stock solution I: 
370 ml. distilled water. 
22 ml. concentrated C.P. sulfuric acid. 
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Cool this acid solution, then add 8 
ml. fuchsin base solution. Let stand 
for at least three days, shake with 
150 ml. pure carbon tetrachloride, 
discard lower layer and material in 
the interface. Filter aqueous solu- 
tion and store away from light. 
Stock solution IT: 

5.4 ml. 37% formaldehyde diluted to 
100 ml. with distilled water. 

Color reagent: Prepare each day at 
least one hour before using, by mix- 
ing in an amber-colored bottle: 100 
ml. stock solution I, and 10 ml. 
stock solution IT. 


Sampling Procedure 


HE STANDARD all-glass Greenburg-Smith 

impinger containing 100 ml. of collect- 
ing solution is used for sampling. Prior 
to collection, the impinger flasks are washed 
and rinsed with distilled water, followed 
by a rinsing with the collection solution. 
The gas is absorbed by passing air through 
the impinger at the standard rate of one 
cubic foot per minute. Sampling time may 
vary frorn a few minutes to 30 minutes 
depending on the sulfur dioxide concen- 
tration. It has been found through ex- 
perience that a sampling period of 30 
minutes is sufficient to analyze sulfur’ di- 
oxide concentrations present in outside air 
as low as 0.01 parts per million. For 
higher concentrations such as may be 
found in in-plant air, the sampling time 
may be reduced in proportion to the con- 
centrations. 

Samples may also be collected with the 
all-glass midget impinger using 10 ml. 
of collecting solution and drawing the air 
through at the standard rate of 0.1 cubic 
foot per minute. The sensitivity in deter- 
mining the sulfur dioxide also applies to 
the use of the midget impinger and the 
sampling time may vary as with the stan- 
dard impinger. 


Analytical Method 
‘THE COLORIMETRIC determination is ac- 
complished by the addition of the color 
reagent to a small amount of the collected 
sample. The method requires little time 
for the complete analysis and with care 
and experience a high degree of accuracy 
and reproducibility is obtained. It was 
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found that results reproducible to within 
5% of the actual sulfur dioxide content 
could be obtained by several operators on 
succeeding days. The following procedure 
is used: 

The sample is returned to the laboratory 
and the total volume is measured or, if 
necessary, a dilution is made to a con- 
venient volume with collecting solution. An 
aliquot of 5 ml. of the sample is trans- 
ferred to a 25 ml. darkened volumetric flask 
and 2 ml. of color reagent are added. The 
mixture is brought to volume with distilled 
water. The solution is shaken, allowed to 
stand for development of color for exactly 
15 minutes after the addition of the color 
reagent, and then is measured immediately 
with the Fisher electrophotometer on the 
logarithmic scale using the 25 ml. cell and 
its green (525 mu) filter. (The 25 ml. 
sample, in the cell, should be placed in 
the electrophotometer several seconds be- 
fore the 15 minutes have passed, so that 
the adjustment to the instrument can be 
made and the reading taken at the exact 
time.) A blank determination is made 
with each set of four samples (due to 
the relatively unstable condition of the 
color reagent) by taking 5 ml. of collect- 
ing solution and following the above pro- 
cedure. The reading obtained minus the 
blank reading is then referred to a stand- 
ard curve or calibration factor (Fig. 1) 
and the amount in the total sample is cal- 
culated. 

Where relatively high concentrations of 
sulfur dioxide are found, a lesser aliquot 
than 5 ml. may be taken or the sampling 
solution may be diluted in order to have 
the concentrations fall within the range 
of the standard curve. However, if a lesser 
aliquot than 5 ml. is taken, additional col- 
lecting solution must be added to maintain 
a 5 ml. volume before the color reagent 
is added. The standard curve and factor 
is based on 5 ml. of collecting solution and, 
regardless of the aliquot of sample taken, 
this amount must be kept constant. 

A standard curve or factor is developed 
by placing proportionate amounts of the 
standard sodium bisulfite solution ranging 
from 0.001 to 0.015 mg. of sulfur dioxide 
into 25 ml. darkened volumetric flasks in 
steps of 0.001 mg. (0.1 ml. of the standard 
sodium bisulfite solution is added for every 
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increase of 0.001 mg. of sulfur dioxide). 
Collecting solution is added proportionately 
to bring the equivalent standards to a 5 
ml. volume before adding 2 ml. of the color 
reagent. This is necessary to maintain a 
constant hydroxide concentration for all 
standards and flask. The flask is brought 
to volume with distilled water and read 15 
minutes after the addition of the color 
reagent on the Fisher electrophotometer, 
using the 25 ml. cell and the green (525 
mu) filter. A blank reading is determined 
in the same manner with 5 ml. of collecting 
solution and the curve is developed by plot- 
ting the logarithmic scale readings of the 
standard solutions, less this blank read- 
ing, against known standard concentrations. 

The logarithmic scale was selected be- 
cause it was found that the logarithmic 
readings are proportional to the concen- 
trations within the range tested and a 
calibration factor is obtainable as follows: 


where F is the calibration factor, C is 
the concentration of the standard solution, 
and R is the logarithmic scale reading of 
the standard solution less blank reading. 

The calibration factor is applied by mul- 
tiplying the logarithmic scale reading of the 
unknown, less the blank reading, by the 
calibration factor as determined and then 
the amount for the total sample is calcu- 
lated. 

Light elimination is necessary and was 
accomplished by coating 25 ml. volumetric 
flasks with a flat black paint. The use 
of the darkened volumetric flasks gives less 
erratic readings and permits a color-con- 
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centration relationship conforming with 
Beer’s law over a range of 0 to 0.015 mg. 
of sulfur dioxide. 

The critical part of the analytical pro- 
cedure and the development of a standard 
is to keep the sodium hydroxide volume at 
a constant, since a higher or lower variation 
in the concentration with the color re- 
agent will produce a _ correspondingly 
higher or lower transmission reading. The 
use of 5 ml. of 0.05 N sodium hydroxide 
solution with 2 ml. of color reagent when 
diluted with distilled water to 25 ml. gives 
a comparatively low blank reading. A low 
blank reading gives a greater scale range 
coverage and the added advantage of a 
higher degree of sensitivity and accuracy 
in the lower concentrations, since a unit 
change in concentration of relatively weak 
solution results in a greater change in color 
than the same unit for comparatively 
strong solutions. 


Oxidation, Efficiency, and Interference 
OLLECTION of sulfur dioxide in sodium 
hydroxide showed loss due to oxidation. 

Since this occurred, it was necessary to 

try to minimize or eliminate this oxidation. 

Various inhibitors to prevent oxidation 

were considered and the mixture of a one 

volume percent of glycerine with sodium 
hydroxide was finally chosen as the col- 
lecting solution. 

It was determined by adding known sul- 
fur dioxide concentrations from a standard 
bisulphite solution to the collecting solu- 
tion that little or no oxidation of the sulfur 
dioxide occurred for a period of a week 
over which time the solution was tested. 
Air concentrations of sulfur dioxide rang- 
ing from 1 to 10 parts per million also 
were absorbed in the collecting solution 
of sodium hydroxide-glycerine. These were 
analyzed immediately and let stand for 
five days, then analyzed again and showed 
no appreciable loss due to oxidation. 

Oxidation of sulfur dioxide through aer- 
ation was also considered. Known concen- 
trations of sulfur dioxide taken from the 
standard solution were added to the stand- 
ard impingers and air was drawn through 
at the rate of one cubic foot per minute. 
No loss was found due to aeration. 

Collection efficiency determination for 
the sodium hydroxide-glycerine solution 


n 
i 
n = 
‘ 
— 
e , 
t 
(= 


Air flow Total 
through volume 
impinger ofair SO, collected in 
Sample (cu.ft. collected first impinger 
number permin. (cu.ft.) (mg.) (p.p.m.) 
1 0.7 7.7 .097 170 
2 0.7 7.0 482 .929 
3 0.7 7.0 2.406 4.640 
4 0.7 7.0 4.884 9.417 
5 1.0 10.0 3.762 5.078 
6 1.0 10.0 2.703 3.649 
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Total 
SO, collected in SO. collectedin Per cent 
second impinger bothimpingers _ efficiency 


(mg.) (p.p.m.) (mg.) (p.p.m.) (mg.) (p.p.m.) 


003 -005 175 97 97 
013 -489 942 98 99 
122 4.876 95 95 
489 5.138* =9.907* 95* 95* 
246 3.944 5.324 96 96 
2.918 3.939 93 93 


*Based on collection of 3 impingers in series. Third impinger .013 mg. SOz equivalent to .026 p.p.m. 


1.0 020 270 


7 0.1 

8 0.1 1.0 035 A472 

9 0.1 1.0 156 2.106 
10 0.1 


1.0 -726 9.796 


were made using both the all-glass stand- 
ard and midget impingers. Unknown sul- 
fur dioxide concentrations were released 
into a room which served as a gas cham- 
ber, and were thoroughly mixed by a fan 
to give a relatively constant concentration. 
Air was withdrawn from the room and 
absorbed in the standard and midget im- 
pingers with two impingers connected in 
series. Sampling rates were 0.7 and one 
cubic foot per minute for the standard 
impingers and 0.1 cubic foot per minute 
for the midget impinger. Sampling time 
in all cases, except one, was 10 minutes. 
The amount of sulfur dioxide collected in 
each impinger was analyzed by the method 
described above and the results are shown 
in Table I. Efficiency calculations of the 
standard and midget impinger based on 
the weights and parts per million of sulfur 
diexide found in the first impinger show 
results well above 90%. 

In order to determine the effect of the 
interference from hydrogen sulfide, an un- 
known concentration of hydrogen sulfide 
was absorbed in the collecting solution from 
a hydrogen sulfide gas pressure cylinder. 
The hydrogen sulfide content was obtained 
by iodine titration. From this hydrogen 
sulfide solution different known amounts 
were added to known sulfur dioxide sam- 
ples to evaluate any interference. Con- 
centrations of 0.1 parts per million of hy- 
drogen sulfide did not materially affect 


EFFICIENCY OF MIDGET IMPINGER (ALL-GLASS) 


001 014 021 283 95 94 
-002 037 499 94 95 
094 2.200 96 96 
004 054 -730 9.853 99 99 


the results of the sulfur dioxide analysis. 
Calculation showed that 0.1 parts per mil- 
lion of hydrogen sulfide changed the results 
by approximately 0.01 parts per million if 
interpreted as total sulfur dioxide. 


Summary 


A METHOD of analysis for sulfur dioxide 
for in-plant and outdoor air by the 
simple addition of one reagent to a por- 
tioa of the collected sample is described. 
The sample is collected with the all-glass 
standard or midget impinger using a so- 
dium hydroxide solution with a glycerine 
solution added as an oxidizing inhibitor. 
The color reaction is accomplished by the 
addition of 2 ml. of a color reagent of 
fuchsin in the presence of formaldehyde 
and concentrated sulfuric acid.. Light in- 
terference is eliminated during the analy- 
sis by the use of darkened flasks. Inter- 
ference was found with hydrogen sulfide. 
Results of collection efficiency were well 
over 90%. The analytical method is sen- 
sitive and requires little time in procedure. 
ACKNOWLEDGMENT: The authors wish to 
acknowledge the assistance of Warren A. 
Sassaman, Advanced Chemist, Pennsylvania 
Bureau of Industrial Hygiene. 
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Trends in Industrial Hygiene 


ALLEN D. BRANDT, Sc.D. 


Bethlehem Steel Company 
Bethlehem, Pennsylvania 


UST AS THERE are a number of different 

facets embodied in the term, “indus- 
trial hygiene,” so there are several ave- 
nues that must be explored in a discus- 
sion of the topic assigned to me. Among 
these are (1) education, (2) aims, (3) 
organization, (4) personnel and (5) prac- 
tice. It is extremely difficult in speaking to 
a heterogeneous group of persons to know 
how far to carry the discussion of these 
different items because most of what can 
be said is well known to some, while en- 
tirely unknown to others. Therefore I 
shall try not to dwell on any one point too 
long in order that this presentation may 
not lack in interest to any. 

In industrial hygiene, as in many simi- 
lar fields, progress has not been along well 
thought out lines, with the result that 
there are many versions as to the exact 
meaning of the term industrial hygiene. 
Webster defines “hygiene” as “the science 
of the preservation of health; sanitary 
science; a system of principles or rules 
designed for the promotion of health.” In- 
dustrial hygiene, of course, is hygiene as 
applied to or as practiced in industry. 
Patty defines it as “the science and art 
of preserving health through the recog- 
nition, evaluation and control of environ- 
mental causes and sources of illness in 
industry.” As employed herein, industrial 
hygiene will refer to the recognition and 
control of those environmental factors 
which have an adverse effect on the health 
and efficiency of exposed employees. 

Industrial hygiene has long since grown 
out of knee pants and has come “of age.” 
Even though industrial hygiene of one 
sort or another has been practiced in in- 
dustry for centuries, it was as recent as 
1914 that the movement of improving fac- 
tory hygiene “took hold” in this country 
with the establishment of the Office of In- 
dustrial Hygiene and Sanitation in the 
U.S. Public Health Service. European 


Presented at the Tri-Section Meeting of the AMERICAN 
INDUSTRIAL HYGIENE ASSOCIATION, Newark, New Jer- 
sey, December 1, 1950. 


countries antedate us considerably in this 
respect. Much impetus was given the move- 
ment by the first World War and it grew 
by leaps and bounds during the Second 
World War. Today there are industrial 
hygiene divisions in 45 states, ten cities, 
two counties, the District of Columbia, 
Hawaii and Puerto Rico. In addition, more 
than 30 industries have good industrial 
hygiene programs, many more have less 
well organized programs, and about ten 
insurance companies have full-time indus- 
trial hygiene personnel. 

Before pursuing the trends in indus- 
trial hygiene with respect to personnel 
and practices, let us consider briefly the 
organizations serving the workers in this 
field. Of these there are many of neces- 
sity because industrial hygiene requires so 
many professional skills including engi- 
neering, chemistry, medicine and physics. 
Some of the associations to which workers 
in industrial hygiene look for professional 
guidance are the American Industrial Hy- 
giene Association, the American Conference 
of Governmental Industrial Hygienists, 
The American Association of Industrial 
Physicians and Surgeons, the American 
Society of Heating and Ventilating Engi- 
neers, American Public Health Association, 
American Association of Industrial Den- 
tists and the American Association of In- 
dustrial Nurses. The American Industrial 
Hygiene Association is the only one which 
has the characteristics so essential to ad- 
vancement of the profession. It is open to 
all workers in the field irrespective of type 
of employer, to all professions and is de- 
voted exclusively to the promotion of in- 
dustrial hygiene. 


SINCE ITS FORMATION in 1939 it has grown 

to an organization of 652 members. 
This represents well over half of all per- 
sonnel whose major activity is industrial 
hygiene. Based on past experience, we can 
predict that the A.I.H.A. will continue to 
grow and to keep pace with the increase 
in number of people who are engaged in 
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this field. In fact, I predict that more and 
more the A.I.H.A. will assume its pre- 
destined role of selling industrial hygiene 
to everyone concerned and of guiding the 
way for the industrial hygiene movement in 
this country. 

Those who have guided, are guiding and 
probably those who in the future will 
guide the activities of the Association be- 
lieve that the local sections constitute the 
strongest link in our organization. It is 
to these groups, now 21 in number with 
a total membership of about 1100, that 
we look for the spade work in industrial 
hygiene education matters. It is surprising, 
and at times disappointing, to see how few 
people understand the down-to-earth aims, 
the scope, and the conduct of industrial 
hygiene. We are doing everything feasible 
to make the sections strong and active, 
and we will encourage and approve the 
formation of other sections when and 
where they are justified. 

What are some of the things that the 
Association has done recently to further its 
aims and objectives? In addition to in- 
creasing the membership in both national 
and local sections, it has increased the dis- 
tribution of the Quarterly from about 750 
to about 1150 copies since May of this 
year and has adopted a new advertising 
policy which will result in a vast increase 
of space sold for advertising purposes. It 
is our belief that the improved editorial, 
advertising .and circulation policies ap- 
proved for the Quarterly will bring it out 
of the red in addition to enhancing its 
prestige and circulation. 

The Education Committee has developed 
a report in which are set forth policies 
and principles which the committee feels 
should serve as guideposts in industrial 
hygiene education. This report represents 
more hours of work and deliberation than 
I can say. It probably will be published in 
the Quarterly in the near future. It is 
hard to estimate the improvement this re- 
port may have on the solidification and 
integration of all industrial hygiene mat- 
ters. 

The Salary Survey Committee is in the 
midst of a study which exceeds in all 
directions the scope implied by the com- 
mittee name. This committee’s investiga- 
tion includes such matters as type of work 
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done, nature of employer, professional 
background, and other avenues of worth- 
while information to all workers in indus- 
trial hygiene. The analyses have not yet 
been completed but I believe that the 
findings of this survey will be published 
in the Quarterly in the not-too-distant 
future. 


[Is OCTOBER of this year the A.I.H.A. be- 

came affiliated with the American Asso- 
ciation for the Advancement of Science. 
All the potential advantages of this alliance 
have not yet been explored. On the basis 
of information available thus far, this ap- 
pears to be a wholly unilateral arrange- 
ment as regards advantages and disadvan- 
tages. There are several distinct advan- 
tages with no disadvantage apparent at 


’ the moment. What this affiliation means 


is (1) the A.I.H.A. is one of about 250 
affiliated organizations, (2) no financial 
commitment is involved by affiliation, (3) 
we may, but are not required to, schedule 
meetings at the annual meetings of the 
A.A.A.S. which are held the last week of 
each calendar year, (4) we have a repre- 
sentative on the Council of the A.A.AS. 
and will be entitled to two representatives 
when and if 100 or more of our members 
become fellows in the A.A.A.S. With the 
schedule at our regular annual meeting 
becoming more and more crowded, this 
may provide an excellent opportunity to 
have a second meeting each year which 
could be devoted wholly to highly technical 
papers of which there are always many 
more available than can possibly be sched- 
uled at the annual meeting. 

Within the last few years, activity in 
the fields of radiation physics and air pol- 
lution has increased tremendously. Because 
the techniques employed in measuring 
radioactive emanations and air pollutants 
are quite similar to and in many instances 
the same as those used for similar pur- 
poses in industrial hygiene, many workers 
in this field were pressed into service in 
air pollution and radiant energy. Many 
others with different professional back- 
grounds, primarily physicists and mechani- 
cal or combustion engineers, learned the 
special techniques and methodology re- 
quired by these fields. This group of allied 
workers was eligible for A.I.H.A. member- 
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ship by inference rather than by specific 
reference. To meet this situation, the 
A.I.H.A. revised its qualifications so as to 
include them. Consequently, most of the 
health physicists and an increasing num- 
ber of air pollution workers have been and 
are being attracted to membership in the 
A.I.H.A. However, as some of you know, 
the Smoke Prevention Association of 
America changed its name and broadened 
its scope recently with the intention of 
making it an all-inclusive society for all 
workers in the air pollution field. The new 
name is Air Pollution and Smoke Preven- 
tion Association of America. Because of 
its broadened scope and more liberal mem- 
bership requirements, it seems doubtful 
that the A.I.H.A. will be able to gain or 
hold the primary loyalty of the majority 
of people in air pollution work. We shall 
try to serve the interests of those in air 
pollution whose activities include the 
broader scope as contrasted to smoke abate- 
ment. Our strong point in this respect 
lies in our command of sampling and 
analytical procedures required for air pol- 
lution measurement—techniques and know- 
how unfamiliar to many of the current 
members of the Air Pollution and Smoke 
Prevention Association of America. 


Lt US TURN now to personnel in this work. 

The total number of people who spend 
more than half of their time in what may 
properly be classified as industrial hygiene 
is between 1600 and 1100. While records 
are not available on all of them, the re- 
turns from the questionnaires sent out by 
the Salary Survey Committee and the lists 
of personnel in official agencies form an 
excellent basis for some instructive analy- 
sis. Of the 698 industrial hygiene workers 
who returned the questionnaire, 303 (43%) 
are engineers, 142 (20%) are chemists, 
117 (17%) are physicians, 49 (7%) are 
toxicologists, 42 (6%) are nurses, and 45 
(6%) are not otherwise classified. Of the 
574 employees in industrial hygiene in 


official agencies in March of this year, 355 
(695) are engineers and chemists com- 
bined, 47 (9%) are physicians, 45 (9%) 
are nurses and 67 (13%) are not other- 
wise classified. Similar statistics for the 
official agencies in January, 1947 are: total 
employed—403, of which 251 (62°) were 
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engineers and chemists combined, 56 
(14%), physicians; 40 (10%), nurses; 
and 80 (20%), not otherwise classified. In 
summary, this shows an increase in total 
employment of 42%, a 13% decrease for 
physicians, a 29% decrease for workers not 
otherwise classified, a 16% increase for 
nurses and a 59% increase in the group 
made up of engineers and chemists from 
January, 1947 to March, 1950 in official 
agencies. These data emphasize the fact 
that industrial hygiene as practiced today 
is preponderantly an engineering and 
chemical field and is becoming even more 
so. It is unfortunate that similar figures 
covering a period of time are not avail- 
able for personnel not in official agencies. 
Comparable data are available for about 
July of this year from the Salary Survey 
Committee returns. Thus of the 273 in- 
dustrial hygiene workers, not in official 
agencies, who returned the questionnaires, 
150 (55%) were engineers and chemists 
combined and 80 (29%) were physicians 
and nurses. 

As to type of employer, the following 
findings from the salary survey tell the 
story of industrial hygiene today. Of a 
total of 698 returns, 425 (61%) are with 
official agencies; 162 (23°). with indus- 
try; 52 (7%), with universities; 39 (6%), 
with insurance companies, and the remain- 
ing 20 (3%), self-employed and no em- 
ployer specified. Even though the number 
of industrial hygiene personnel employed 
by industry in the last decade has grown 
from a mere handful to about 200, the 
picture is still quite lopsided in this re- 
spect. Fortunately, it is shifting rapidly 
because industry everywhere is becoming 
industrial hygiene conscious. 

Since the future for industrial hygiene 
lies in industry, let us consider this item 
briefly—let us study recent events to see 
what the trends are in this respect. A 
few programs in industry were begun about 
1930 but it was not until the middle for- 
ties that the movement began to roll in 
significant proportions. It is gaining mo- 
mentum as it progresses and the future 
looks brighter than it ever has before. 


(CURRENT PROGRAMS in industry vary tre- 
mendously one from the other in most 
respects. This is not unexpected since in- 
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dustry varies one from the other in many 
important aspects. The aim of the in- 
dustrial hygiene program is the same in 
most instances, namely to find and elimi- 
nate all environmental conditions which 
may have a measurable adverse effect on 
the exposed workers. However this aspect 
of industrial hygiene is undergoing a very 
important change with far-reaching im- 
plications. 

Emphasis on preventing workers from 
becoming ill is being replaced by a 
more positive approach, specifically to 
improve all conditions of the environment 
which produce sufficient discomfort to de- 
crease the efficiency of the worker-machine 
combination. The prudence of this ap- 
proach is so obvious as to make one won- 
der why it apparently had escaped notice 
earlier. When one reflects on (1) the por- 
tion of the total monetary outlay of most 
industries that is paid in the form of wages 
(25% to 50% in most industries) and (2) 
the total horsepower of available energy 
commanded by the average worker in in- 
dustry, it is obvious that a very small in- 
crease in the efficiency of each worker 
means a high increase in production at 
no increase in manpower, equipment or 
financial outlay. If the only objective of 
industrial hygiene programs in most in- 
dustries is the prevention of occupational 
diseases, we are missing the boat miserably. 
I do not mean to suggest that we forget 
about the prevention of occupational ill- 
ness, but rather that we go beyond the 
mere prevention of the negative aspects of 
industrial health and ‘accentuate the posi- 
tive” aspects of improving the efficiency 
and well-being of the worker so that he 
does a better job with less apparent effort. 
All industrial hygiene programs in indus- 
try that have as their objective the pur- 
suit of this broader scope are destined. to 
success and to a brighter spot in the eyes 
of industrial management and the worker 
alike. 


HE SCOPE of industrial hygiene programs 

in industry varies also in another detail, 
the fringe interests such as air pollution, 
toxicological research, sanitation, indus- 
trial waste disposal, and explosion preven- 
tion. Industrial medicine, safety, nursing 
and medical care are seldom included. 
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The mechanics of operation from one 
to the other industry have little in com- 
mon. This may come as a surprise to some, 
but if you have taken the trouble to study 
the reports on five different programs pub- 
lished in the Quarterly in June, 1946, Sep- 
tember, 1946, June, 1947, September, 1949 
and December, 1949, you are cognizant of 
the validity of this statement. This infor- 
mation substantiated by reports from other 
workers who direct the industrial hygiene 
programs in their respective industries, 
forces one to conclude that each program 
must be tailored to fit the peculiarities of 
the industry in which it operates. Organi- 
zational and operational differences from 
one industry to another preclude fitting 
a standard or “pre-cast” program to any 
industry. Not only must the program be 
tailored to fit the industry, but it must be 
tailored from within by someone who recog- 
nizes and appreciates the peculiarities that 
dictate for one procedure or against an- 
other. 


ANOTHER IMPORTANT finding that cannot 
escape notice as one analyzes a num- 
ber of different successful programs is the 
lack of uniformity as regards the status 
of the industrial hygiene “department,” 
and the department in which it is located. 
Some are independent and have department 
status. There are others that enjoy de- 
partment status but include the medical 
or safety department. In at least one in- 
dustry the industrial hygiene department 
is combined with the medical department 
but the director has equality with the 
medical director. In other industries in- 
dustrial hygiene is in the Medical, Safety, 
Research or Personnel Department. 

In no instance to my knowledge is the 
industrial hygiene department part of, or 
centered in, the Engineering Department. 
This seems surprising, because if the em- 
ployment data cited previously have any 
meaning, it is obvious that industrial hy- 
giene is primarily engineering with chem- 
istry running a close second. It has often 
been stated that if the industrial engineer- 
ing department did a better job there would 
be fewer cases of occupational illness than 
there are. This is indisputable. For this 


reason there are those who feel that more 
and more industrial hygiene interest and 
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activity is going to be assumed by the en- 
gineering departments in the near future. 
They believe that this shift will be brought 
about by training one or more of the en- 
gineers currently employed in the depart- 
ment, by the addition of a trained indus- 
trial hygiene engineer to the department, 
or by centering the industrial hygiene pro- 
gram in the engineering department. Those 
who think this way admit that there are 
many objections to such procedure, but 
there is at least one extremely strong 
point in its favor. All major operational 
changes, new construction, and most equip- 
ment changes are blueprinted in the en- 
gineering department and it is in the blue- 
print stage where industrial hygiene must 
begin if it is to be of full benefit to in- 
dustry. By and large everything in indus- 
try is “rush,” with the result that time 
is not available to circulate plans of new 
equipment, or changes, or of new construc- 
tion to a number of other departments 
for approval before getting bids and plac- 
ing orders. If the engineering department 
were to include personnel versed in in- 
dustrial hygiene matters, the requirements 
of good industrial hygiene practice could 
easily be incorporated into all changes and 
construction in the design stage—the place 
where it can be done best and at the 
least cost. In addition to being very un- 
economical, it is downright unbusinesslike 
to put in new equipment or make other 
changes and then to adapt as best one 
can the equipment needed to control a 
health hazard produced by such changes. 
Another point mentioned by those who feel 
that there will be a shift to research or 
engineering departments is the changing 
scope in industrial hygiene. They argue 
that increasing worker efficiency by in- 
creasing his comfort, air pollution control, 
and waste disposal are primarily engi- 
neering matters. Time alone will tell 
whether they are right. 

There is some indication that industrial 
hygiene in the official agencies is swinging 
toward even greater emphasis on engineer- 
ing. Several of the larger state industrial 
hygiene divisions have recently been placed 
under the direction of engineers and at 
present considerably more than half of such 
divisions have engineers or chemists as 
directors. The Division of Industrial Hy- 
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giene in the Public Health Service, the 
birthplace of the industrial hygiene move- 
ment in this country, was transferred to 
the Engineering Division recently, I am 
told. In addition, the health and safety 
department of the New York Directed 
Operations of the U.S. Atomic Energy 
Commission is headed by an engineer. 

Not even the most rabid individualist or 
dissenter believes that industrial hygiene 
problems can be solved by one or another 
profession alone. Many old or recurring 
problems can be solved readily by the 
appropriate profession which ever it may 
be. All new problems, on the other hand, 
require the combined efforts of all pro- 
fessions—medical, engineering, toxicologi- 
cal and chemical working as a team to 
arrive at a sound and proper conclusion. 
Teamwork always has been and must con- 
tinue to be the keynote in industrial hy- 
giene irrespective of where it may be lo- 
cated in industry, in the official agencies, 
and in the insurance companies. 


CAREFUL study of the operation of a 

number of successful programs shows 
that apparently no one department is best 
suited for industry generally. In fact, the 
student on this subject probably will be 
forced to conclude that it is not nearly so 
important that the industrial hygiene pro- 
gram be centered in any given department 
as it is that it be located in a strong de- 
partment. I know of only three industrial 
hygiene failures in industry. In one in- 
stance the program was centered in the 
Safety Department and the other two in 
the Medical Department. The only charac- 
teristic these departments had in common 
so far as I can learn was weakness, and the 
only apparent respect in which they dif- 
fered from similar departments operating 
satisfactory programs in other industries is 
one of position and respect. 

It is not surprising that industrial hy- 
giene programs are centered in different 
departments from industry to industry. 
Anyone who understands the workings of 
an industrial hygiene program knows that 
the industrial hygiene department must 
work closely with the Engineering Depart- 
ment, the Research Department, the Medi- 
cal Department, the Safety Department, the 
Compensation Department, the Purchasing 
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Department, the Employment or Personnel 
Department, the Labor Relations Depart- 
ment, in addition to all operating depart- 
ments in the plant. Obviously, then, the 
industrial hygiene “department” that en- 
joys department status has an advantage 
over those less fortunate because it per- 
mits freer interchange of ideas and in- 
formation, and brings industrial hygiene 
in more immediate contact with all other 
departments that have a responsibility or 
interest in it. In lieu of department status, 
industrial hygiene should be located in a 
respected department and one which is on 
the friendliest terms with all other depart- 
ments listed earlier. 

While on the subject of industrial hy- 
giene in industry, it may be enlightening 
to cite briefly what services of this kind 
cost industry. A study of this kind was 
made by Mr. Patty of General Motors Cor- 
poration recently. He found that the costs 
vary from 50 cents to $2.50 per employee 
per year. One company is considering a 
program estimated to cost $5.71 per em- 
ployee the first year. These figures ob- 
viously do not include the cost of control 
measures instituted primarily in response 
to industrial hygiene recommendations. 
The figures are modest by comparison with 
$6.00 to $30.00 per worker per year for 
medical costs and $4.50 to $66.00 per em- 
ployee per year for safety. 


BEFORE CLOSING, I should like to say a 

few words about the future of indus- 
trial hygiene as it appears from this cor- 
ner. All the forecasts indicate a bright and 
expanding place for industrial hygiene in 
industry, in universities, in official agen- 
cies and in insurance companies. How 
bright and how large that spot turns out 
to be depends a great deal on education 
and salesmanship. Not only doa we need 
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more trained workers in the field, but even 
more there is crying need for acquainting 
physicians, nurses, engineers and chemists 
in their undergraduate work with indus- 
trial toxicology and industrial hygiene. 
They need not know how toxic a given 
substance is or how it can be controlled, 
but merely that most industrial atmos- 
pheric contaminants are harmful if (but 
only if) certain prescribed concentrations 
are exceeded, that such problems are capa- 
ble of scientific solution, and that there is 
a group of workers in this country, some 
in official agencies, some in industry, some 
in universities and others in insurance com- 
panies who are available through one ave- 
nue or another for consultation on all mat- 
ters of this type. Much as introductory 
courses of this kind are needed, the colleges 
and universities all seem to have such 
crowded schedules that there is no place 
for them. However, we must not take ‘“‘no” 
for an answer, but must continue striving 
for some means of bringing the meaning 
and scope of industrial hygiene to workers 
in allied professions. 

Experience indicates that as a group we 
have done a good job on the technical and 
scientific aspects of industrial hygiene. 
However, I am becoming convinced more 
and more that we have done and are still 
doing a singularly poor job of selling— 
selling industrial hygiene to industry, to 
the public and even to ourselves. If in- 
dustrial hygiene has nothing to offer, the 
sooner we quit kidding ourselves the better. 
If, on the other hand, it has something 
worthwhile to offer, and I am convinced 
that it does, let us start defining those 
values more concretely than we are doing or 
ever have done, by case histories if neces- 
sary, so that industry and the public gen- 
erally can be shown convincingly the values 
of industrial hygiene. 
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Keep It Clean 


ROBERT H. AVERY 


American Air Filter Company 
Louisville, Kentucky 


NE OF THE manufacturers of air clean- 

ing equipment is giving a great deal 
of emphasis to the slogan “Today’s best 
buy is cleaner air.” Let us consider how 
we in the field of industrial hygiene can 
help get this cleaner air, and let us ex- 
amine some of the equipment offered by 
manufacturers of dust collecting equip- 
ment to achieve this cleaner air. Finally 
let us review the problems involved in 
the establishment of standards of clean- 
liness. 


Place of Industrial Hygienist 
\W!THouT a doubt, there is no one better 
qualified at the present time to eval- 
uate the cleanliness of air than the 
industrial hygienist. He is the only one 
who has any extensive experience in eval- 
uating air “cleanliness” (and we use this 
word “cleanliness” in the loosest sense of 
the word) since he has been the only one 
concerned with the problem, although ad- 
mittedly his activity was concerned ex- 
clusively with the working atmosphere in 
the factory. He is the only one who has 
any knowledge and experience regarding 
levels of ‘“uncleanliness” which can be 
tolerated by people (although again this 
has been limited to the working man). 
It is, therefore, the duty of the indus- 
trial hygienist to make available to all 
who are interested, the fruit of his knowl- 
edge and experience. He must lead people 
along the path to cleaner air, showing 
how the methods for controlling health 
hazards in industry can also be used to 
secure universally the cleaner air which 
we are seeking. He must also, lest he be- 
come jack of all trades and master of 
none, be prepared to relinquish to a new 
technician—the air pollution engineer— 
authority and control over air cleanliness 
problems outside of the working atmos- 
phere. If the industrial hygienist recog- 
nizes that he cannot spread his activities 
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over the broad field of air cleanliness, and 
still maintain the prestige of being a 
specialist, he will certainly enhance his own 
position and that of his profession. 


Industrial Hygiene Techniques 
S MENTIONED previously, the methods of 
controlling hazards in working atmos- 
pheres, can be considered in generally se- 
curing cleaner air. Let us study these steps 
for a moment. 

The first method is substitution. Classic 
in the field of industrial hygiene is the 
use of non-mercurial compounds in the 
fur felt industry for compounds which 
were responsible for a high incidence of 
mercury poisoning. We are also familiar 
with the substitution of naphtha for benzol 
and other more toxic aromatic solvents. 
There may well be processes now dis- 
charging objectionable materials into the 
atmosphere which could be modified so 
that these materials could be eliminated. 

Personal protection does not have any 
place in consideration of our efforts to 
get cleaner air. Except for special cases 
it is often the poorest type of protection 
to offer a worker to protect him from at- 
mospheric contaminants. Personal protec- 
tion can be 100% efficient, but is usually 
no more than 50% effective because of 
workers’ reluctance to use this type of 
protection. 

Enclosure and segregation are most ef- 
fective means of preventing contaminating 
materials from getting into the air. Cupo- 
las, used to melt cast iron, are presently 
being subject to an extensive study to see 
how the amount of material going up 
cupola stacks can be reduced. Since any 
gas cleaner or dust collector must handle 
all the gases going out the stack, any re- 
duction in the amount of this gas will 
make the first cost of cleaning equipment 
that much less. Stack gases in a cupola 
can only come from three sources: First 
is the blast air forced up through the 
charge to burn the coke and generate 
enough heat to melt the iron. Second is 
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Twelve-ton Heroult side charge furnace before 
installation of Furnace Hood shown in Fig. 2. 


the air induced through the charging door 
by a stack effect. Third is any leakage 
into the cupola. 

Normally this is negligible. The second 
item, the induced air through the charging 
door, constitutes the major part of the 
stack gases. If then, instead of having 
an open charging door we have a charging 
bell such as is used on blast furnaces, 
we can in some cases reduce the amount 
of exhaust gas more than 80% so that 
instead of having a collector to handle 
16,000 cfm, we may only need one to 
handle as low as 3000 cfm. 

Here is another example: Electric melt- 
ing furnaces used to produce stainless 
steels and to melt down steel for castings 
in foundries generate large quantities of 
iron oxide fume especially during what is 
known as the “boil-down period.” Disper- 
sal of these fumes can be accomplished 
with limited success by isolating a furnace 
and using roof ventilation to produce a 
chimney effect. (See Fig. 1.) Reasonable 
control requires large air volumes, and is 
only effective from the viewpoint of dis- 
persal. Disposal or reduction is impossible 
because of the large air volume which 
would have to be handled. 

Instead of using roof ventilators it is 
possible to secure a close fitting hood (Fig. 
2) which does not interfere with the oper- 
ation of the furnace. This hood can be 
made so that smoke and fume is being 
exhausted from the furnace during all 
operations, or all operations except pour- 
ing. The air volume required for adequate 
control using such a hood may be only 
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Fig. 2. 
Furnace Hood exhausted by Type N Roto-Clone 
installed on twelve-ton side charge furnace. 


15% of that required for general exhaust 
ventilation. If gas cleaning is required 
(and it usually is now) the first cost and 
operating cost of gas cleaner-is reduced in 
the same proportion. 

As a final example let us consider the 
problem of contaminant control in electric 
furnaces used to make calcium carbide. 
One organization has spent a tremendous 
amount of money on air cleaning equip- 
ment. They had open furnaces with gravi- 
ty stacks. Enclosure has been effected as 
much as possible and the present air vol- 
ume exhausted from each furnace is in the 
neighborhood of 40,000 cubic feet a min- 
ute. There are other furnaces available 
which are totally enclosed.. The only gases 
required for exhaust are the air entering 
through leakage (and this must be kept at 
a minimum) plus the carbon monoxide 
generated in the process of converting 
limestone and coke to calcium carbide. 
The gas is so rich in carbon monoxide 
that after suitable cleaning it might be 
used in any of a large number of reactions 
used to produce synthetic organic com- 
pounds. 

There are undoubtedly disadvantages to 
the use of these enclosed furnaces and it 
should not be implied that they should be 
used in place of the open type of fur- 
naces. The example does indicate that in 
certain cases total enclosure will not only 
be effective from the viewpoint of control 
but also produce a desirable by-product. 

The final method of control used by the 
industrial hygienist is local exhaust ven- 
tilation. More often than not, local exhaust 
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ventilation is the reason for air pollution 
if an adequate air cleaning device is not 
included in the exhaust systems. Some air 
cleaning devices, formerly considered satis- 
factory, no longer meet established stan- 
dards and must be either replaced or fol- 
lowed by second and more efficient collec- 
tors. The conventional cyclone, usually 
considered as having adequate efficiency 
to collect dust from woodsanding is now 
being cited in certain areas as allowing 
too much material to escape. It must 
either be replaced or aftercleaners used. 
Wet aftercleaners are now showing certain 
advantages, and are being used on this ap- 
plication. 


Process Stack Cleaning 
"THERE are processes where local exhaust 
ventilation is required as part of the 
process itself as well as for worker protec- 
tion. Driers, especially aggregate driers for 
asphalt plants fall into this category. The 
asphalt paving industry has, in the last 
few years, spent large quantities of money 
for equipment to clean up the discharges 
from their plants. All of them had cy- 
clones, and all found that something more 
efficient than cyclones was required. 

The newcomer to the group of operations 
responsible for less clean air is the process 
industry stack, such as the stack from 
the roasting furnace, from the chemical 
process, or the cupola—to mention but a 
few—all spewing out materials which con- 
taminate the air. These are the operations 
with which the industrial hygienist has 
not for the most part, concerned himself. 
These are the principal offenders in con- 
taminating the living atmosphere (as con- 
trasted with the working atmosphere). 
Let us recognize that the problem of clean- 
ing process industry stack gases is a spe- 
cial one and appreciate the difficulties in- 
volved in finding an answer to it. 


Air Cleaning Equipment 

WHat do equipment manufacturers have 
to offer which will help in this new 

“stack” problem Cloth collectors are using 

newer fabrics in place of the two old stand- 

bys, cotton and wool. Glass, Orlon (poly- 

acrilonitrile), Dienyl (vinyl-copolymers) 


and blends of various fabrics are being 
tested to withstand higher temperatures 
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and corrosive atmospheres. Such fabrics 
are now being tried to collect carbon black, 
metallurgical fumes, and very fine products 
in corrosive atmospheres. 

There is a new design of cloth collector 
on the market which has a moving blow 
ring passing back and forth over the out- 
side of a vertical-hung bag. With this 
design it is possible to operate at high 
ratings (10 to 20 fpm) and normal pressure 
drops, and higher efficiencies. Since fabric 
collectors have high efficiencies to begin 
with, the additional efficiency of this de- 
sign only becomes of importance for special 
applications. 

Another new idea is the concept of 
agglomeration. Since efficiency of many 
dust collectors falls off rapidly as the 
particle size of dust falls below ten mi- 
crons, any device which will take smaller 
particles and produce larger ones, will as- 
sist in improving the efficiency of any dust 
collectors. 

The agglomerator which has gotten the 
most attention is the Ultrasonic unit. If 
you have ever been in the vicinity of one 
of these generators you know that they 
are definitely not ultrasonic since they are 
definitely audible. In their operation they 
generate powerful sound waves. As air 
containing very fine particles comes within 
the field of the sound waves, the fine par- 
ticles are made to move more rapidly. Since 
they move more rapidly, the possibility 
of their collision with each other is in- 
creased. When they collide they do not 
bounce apart but stick together or “ag- 
glomerate.” If we take two one micron 
particles and have them colliding, a two 
micron particle results. 

There is an upper limit to the agglomera- 
tion effect due to the inability of the sonic 
generator to create enough energy to keep 
large particles in motion. Thus, above a 
certain size particle the sonic generator has 
no effect and will not cause further ag- 
glomeration. This upper limit is such that 
a sonic generator can never be used by 
itself as a dust collector. The agglomer- 
ated particles are not large enough to 
settle by themselves and must be removed 
from an air stream. 

In addition to agglomerating by sound, 
it is also possible to get the same effect 
using water. In this case, instead of hav- 
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ing two dust particles collide, the prin- 
ciple is to have a water droplet collide 
with the small dust particle, and thus in- 
crease its effective diameter. 

In one method of wet agglomeration, 
water is mixed with air in a coarse spray 
as the mixture passes through a venturi 
tube. In this tube, the large droplets are 
literally torn apart, and the small droplets 
given high kinetic energy so that they will 
bombard and wet out dust and fume par- 
ticles. This requires a large amount of 
energy which manifests itself as a pressure 
drop across the venturi usually in the 
14-18 inch range. 

The second method of wet agglomeration 
is by the use of high pressure spray noz- 
zles. With these nozzles, large quantities 
of water (1 gallon per 100 cfm) are 
sprayed at pressures from 200 to 600 
pounds per square inch. The high pressure 
creates the very fine droplets with high 
kinetic energy, and they are created in such 
large quantities that they almost literally 
“fog” the area into which they are sprayed, 
wetting fine dust particles and thus in- 
creasing their effective diameter. 

In the field of general wet collectors 
new units are constantly being improved. 
Some stay, and others pass on. Old units 
are being improved constantly to increase 
efficiency, reduce pressure drop, make main- 
tenance easier or overcome erosion prob- 
lems. The wet dust collector is being 
adapted more and more to the collection 
of gases and mists so that it may well 
be called a gas cleaner instead of a dust 
collector. Manufacturers are constantly 
getting more experience in the use of cor- 
rosion resistant alloys and _ sheet-applied 
protective coatings such as rubber. 

The manufacturers of high efficiency 
cyclones are constantly on the lookout for 
ways of getting higher efficiency with the 
same pressure drop; a lower pressure drop 
with the same efficiency; and less abrasion 
under all operating conditions. Several 
new high efficiency cyclones have appeared, 
and more will appear as the demand for 
fly ash collectors increases. 

No new high voltage electrostatic pre- 
cipitators have been introduced having any- 
thing fundamentally different from older 
units. Power packs have been improved 
and there have been modifications offered 
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which were supposed to allow constant 
operation while vibrating off collected dust 
in such a manner as to prevent its re- 
entrainment. 

Not a dust collector, but a very poten- 
tially useful tool, in the problem of air 
pollution is the catalytic incinerator. The 
unit consists of an air pre-heater and 
a catalyst bed not unlike the conventional 
air filter. Gases, containing organic va- 
pors, are heated up to a suitable temper- 
ature (500° F.) and then passed through 
the catalyst which causes them to oxidize 
completely at low temperatures. If the gas 
is rich enough in organic vapors, the pre- 
heater may be turned off once the reaction 
on the catalyst has started since it gener- 
ates its own heat. Since complete oxidation 
takes place, odors can be destroyed. The 
catalytic incinerator cannot be used on 
dusty air since it would plug the catalyst. 
It cannot be used on gases containing zinc, 
lead and certain other metallic fumes since 
they “poison” the catalyst. It cannot be 
used on gases containing chlorinated hy- 
drocarbon vapors since when these vapors 
decompose toxic products are formed. 

Incineration is the most effective answer 
to the odor removal problems. This prob- 
lem, is incidentally, a very difficult one— 
much more difficult than that of removing 
solids—and incineration can present a 
large number of problems. 


Selection of Dust Collector 

N THE selection of a dust collector it 

should be remembered that there is real- 
ly only one unit for any job, although there 
will be several units up for consideration. 
In selecting that one unit, the following 
points have to be considered: 

1. What is the efficiency required? Can 
a wet collector do the job? If so, why 
spend more money for a high voltage elec- 
trostatic collector? Can a medium pres- 
sure drop dry centrifugal collector do it? 
If so, why a wet collector? 

2. What is the first cost of units capable 
of doing the job? 

3. What are the operating costs—inde- 
pendent of maintenance? 

4. What are the maintenance problems— 
and costs? 

5. What are the problems, if any, of dis- 
posing of collected material? 
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Answering all these questions will point 
to the selection of one unit after a com- 
plete engineering analysis of the problem. 

First and foremost in the selection of 
a dust collector is the consideration of 
efficiency. If a unit is the only one meeting 
the requirements as far as dust collecting 
efficiency is concerned and in no way meets 
the other requirements, it may have to be 
tolerated despite its many other disadvan- 
tages. Fortunately this is rarely the case. 


Establishment of Standards 

HE BIG problem then, is how to establish 

requirements for permissible dirtiness 
so that equipment manufacturers will have 
some standard for performance. Efficiency 
itself is not the complete answer. The best 
answer is mass emission—the total quan- 
tity of material discharged to the atmos- 
phere for a given period. For example: 

The first air pollution regulation which 
we had established was a standard for fly 
ash emission. The figure is 0.4 grain per 
cubic foot of stack gas at 70° F. This 
same figure has appeared in newer codes 
and has been applied to materials other 
than fly ash. Supposing we have two 
cupolas side by side with the same blast 
air volume of 2200 cubic feet a minute and 
the same capacity and size. All things be- 
ing equal they should both discharge the 
same amount of solids per hour. Let’s as- 
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sume this is 600 pounds per hour or 10 
pounds per minute. If one of these cupolas 
(Fig. 3) uses the conventional charging 
door, air volume at the top of the cupola 
may be as high as 16,000 cubic feet of air 
a minute, (at 200° F). Ten pounds is 
equivalent to 70,000 grains, so 70,000 grains 
in 16,000 cfm means that the dust con- 
centration is 4.4 grains per cubic foot. 
To reduce the concentration to 0.4 grains 
per cubic foot will mean that the dust 
collector must have an efficiency of 90.9% 
and under these conditions the amount of 
solids passing through the collector will 
be (9.1% x 600) 54.5 pounds per hour. 
This is a mass emission of 54.5 pounds 
per hour. 

If the second cupola (Fig. 4) has a 
charging bell, there will be no gas at the 
outlet except blast air plus some addi- 
tional products of combustion which only 
negligibly increase the air volume. Then, 
the dust concentration may be 70,000 grains 
in 3000 cfm or 23.3 grains per cubic foot. 
To reduce the concentration from 23.3 
grains per cubic foot to 0.4 grains will 
require a dust collector with an efficiency 
of $8.3. With this efficiency the amount of 
dust passing through the collector will be 
10.3 pounds per hour, as contrasted with 
54.5 pounds per hour. 

Now, which is more important, efficiency 
or mass emission? With what should emis- 
sion be correlated? Los Angeles correlates 
emission with weight of process material 
but eventually reaches a maximum which 
cannot be exceeded regardless weight of 
process materials. To date. on certain 
operations, the only type of collector to 
meet Los Angeles requirements has been 
cloth—and this on operations where it has 
definite disadvantages. 


Need for Reasonableness 

HERE must be a reasonableness in the 

selection of standards regardless of the 
way in which these standards are ex- 
pressed. Let’s not agree with a speaker 
who recently said that “the air, like 
streams, are legitimate means open to 
industry for the disposal of the waste 
products.” Perhaps we can agree with the 
conclusion of the sentence as long as we 
disagree with the premise. Streams are 


available to industry for disposal of wastes 
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only as long as this waste disposal does 
not contaminate the streams so that fur- 
ther legitimate use by individuals, com- 
munities and other industries is thwarted. 
The same is true as far as discharge of 
waste into the atmosphere is concerned. 
We all have the right to clean air which 
will not manifest any ill effects on our 
health over the normal span of our lives. 
We all have the right to clean air which 
will not make house, office, and factory 
cleaning a constant struggle. On the other 
hand, we cannot expect country-clean air 
in the city. There must be a compromise. 
We cannot welcome industry to the com- 
munity on one hand and then impose re- 
strictions on that industry to such an extent 
that necessary control equipment adds so 
much to the cost of manufacturing that 
the industry is put to a competitive dis- 
advantage. No use in fooling ourselves— 
if we require an industry to spend money 
on control equipment, the added cost of 
such equipment will show up in the price 
of the manufactured product. We pay 
for our own cleaner air. 

Let us not expect miracles of legislation 
and regulation. In the Los Angeles area 
where regulations are much more strict 
than anywhere, the results have not been 
as successful as would be hoped. But to 
understand why, refer to the Second In- 
terim Report of the Stanford Research 
Foundation which outlines some of these 
problems. Only last week the following 
appeared in a St. Petersburg newspaper: 
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“Los ANGELES SMOG SEEN AS KILLER— 
Acrid smog, which scientists now describe 
as a killer, is worse in Southern California 
this year than last, says one of the nation’s 
top meteorologists. Dr. Irving Krick told 
a state assembly air and water pollution 
committee hearing yesterday that the air 
pollution control district here ‘has got a 
bull by the tail and industrial expansion is 
accelerating more rapidly than the pollu- 
tion control program.’ He declared it should 
be determined what air pollutants are detri- 
mental to health and efforts should be con- 
centrated on controlling them.” 

To further appreciate this dispatch, let’s 
also remember that last year in the Los 
Angeles area 13 million dollars was spent 
on air pollution control. 

Industry is not reluctant to spend money 
to get reasonable standards of air clean- 
liness. In Baltimore, Maryland 12 com- 
panies spent 3% million dollars on air 
pollution control. Other area reports will 
show comparable expenditures. The steel 
mills in the Pittsburgh area are under- 
taking extensive research projects to find 
out how to reduce emissions from open 
hearth furnaces and Bessemer Converters. 

Since industry has shown that it is will- 
ing to cooperate, continued cooperation can 
only be expected if requirements are rea- 
sonable. Unreasonable legislation and regu- 
lations may set back the whole air pol- 
lution program another generation if they 
establish desirable but reasonably unattain- 
able standards. 


j= C. SoET, Director, Division of Industrial Health, State Depart- 
ment of Health, Lansing, Michigan, presented an outstanding study 
of “Radiation Protection from an Industrial Hygiene Standpoint,” at 
the Inservice Training Course in Radiological Health, at Ann Arbor, 
February 5-8, 1951. Mr. SOET was a member of the Planning Com- 
mittee for the Course, which was given by the University of Michigan 
School of Public Health. His paper, together with the others presented 
during the four-day period—nearly a score in number—are included 
in the 100-page textbook Manual covering the whole Course. Copies 
may be procured from H. E. MILLER, Course Director, School of Public 
Health Building, 109 South Observatory Street, Ann Arbor, Michigan. 
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Silicosis in the Mining and Milling of Slate 


RICHARD H. MANSUR 
Senior Chemist, Industrial Hygiene Section 
Division Of Sanitary Engineering 
State Department of Health and Welfare 
Augusta, Maine 


S A PART of a general study of dusty 

trades throughout the State of Maine, 

the writer has investigated the extent of 

the hazard of silicosis in connection with 
the mining and milling of slate. 

A review of the literature does not show 
very much recent work on exposures to 
slate dust. The material read on this sub- 
ject either did not report the results of 
studies, or else inferred that silica dust in 
combination with other constituents of 
slate rock does not produce silicosis. It 
therefore appears that a need has existed 
for further study. It is hoped that this 
report may partially satisfy this need and 
that the conclusions reached may alter 
some previous misconceptions in regard to 
slate dust exposure. 


Description of Plant and Processes 
HE ESTABLISHMENT involved in this 
study is located within the limits of a 
very small town in a rural area of the 
state. Aside from lumbering, the produc- 
tion of slate is the economic mainstay of 
the town. 

The slate deposit, which has been worked 
for roughly half a century, exists as a ver- 
tical sheet in the earth’s crust. The sheet 
averages about nine feet in thickness, and 
is enclosed on either side by a valueless 
hard rock known locally as “hard rock” or 
“rubbish.” 

In the old days of slate production in 
this area, the slate was quarried from 
open pits. It was never possible to sink 
these open pits lower than 200 to 250 feet 
because, at this approximate depth, natural 
pressure caused the neighboring rock for- 
mations to close in and seal the pit. Since 
the upper 50 to 60 feet of slate was so 
weathered as to be valueless, the open pit 
method was not economically sound. In 
addition, the danger of falling rocks was 
an ever-present hazard and a threat to the 
future of the operation. 

Some years ago, the services of a mining 


engineer were obtained. After study of 
the geological formations, this man recom- 
mended sinking shafts down into the de- 
posit, and then tunnelling or “drifting” 
from the bottom of the shaft. This plan, 
which makes the mine in the form of an 
inverted T, was adopted. The shafts are 
sunk to about 800 feet depth, and the 
drifts usually total about 300 feet in 
length. After this stage of development 
has been reached, the miners work over- 
head until all useful slate in that section 
of the deposit has been removed. The mine 
is usually worked out about 60 feet below 
the surface. The rubble and waste of the 
operation, along with infiltrating water, 
accumulate rapidly enough underfoot to 
prevent closure of the mine from below. 
In fact, the tunnel height usually remains 
nearly constant. 

Holes are drilled laterally in the slate 
deposits with jack hammers and long steel 
drills. The drilled holes are then packed 
with dynamite. After all personnel have 
left the mine at the end of the afternoon, 
the charges of dynamite are set off so that 
slate is blown down to the tunnel floor. 
The next morning the blown down slate 
is raised to the surface by means of the 
mine hoist. 

All of the mines, especially when at low 
level, are extremely wet. Of two in oper- 
ation, the ‘deepest is the Number 1 pit. 
Approximately 600 gallons of water per 
minute are being pumped from this mine. 
Since water drips from every crack and 
crevice throughout the mine tunnel and 
shaft, the relative humidity in the mine is 
near 100%. In spite of this extreme mois- 
ture, however, the drilling operation raises 
a heavy concentration of dust. There is no 
local exhaust ventilation provided, nor is 
there any satisfactory positive general 
ventilation provided for the mine tunnel 
itself. The use of filter respirators is im- 
practical because of the extremely wet con- 
ditions. 
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After the slate has been raised to the 
surface, it is processed in the mills. The 
rough blocks are first sawed to size. This 
is done by placing the block in position on 
a moving bed. The moving bed carries the 
block past a circular saw of specially hard- 
ened steel which revolves at about 20 rpm. 
The operation raises a considerable amount 
of dust. 

Most of the plant production is used in 
electrical instrument or _— switchboard 
panels. The next operation. therefore. is 
splitting the squared blocks into thin slabs. 
This is done by hand, using a hammer and 
chisel. No appreciable amount of dust is 
involved. 

The slabs are then planed. This job is 
done by machines very similar to those 
used in planing metal. A sliding bed car- 
ries the slate slab under a stationary car- 
bide tipped knife. The operation itself does 
not raise a great quantity of dust. How- 
ever, dust and heavy particles of slate ac- 
cumulate very rapidly on the end of the 
planer table. This must be removed by the 
so-called “rubbish man.” An attempt is 
made to avoid raising dust by wetting down 
the rubbish with a hose just before it is 
moved. Since much of the dust is in a 
finely divided state, it is not easily wet in 
this fashion. Therefore, when the rubbish 
is removed, a cloud of dust may be raised 
which may persist for a long period of 
time in the workroom air. 

The sawing and planing operations are 
carried out in four different locations: the 
large room at the main plant, the small 
room at the main plant, the mill near Num- 
ber 2 mine, and the mill near Number 1 
mine. 

All other slate processing operations are 
wet with the exceptions of the disk and 
belt sanding operations and drilling. The 
sanders are provided with satisfactory local 
exhaust ventilation. The drilling operations 
are not appreciably dusty. 


Technical Study of the Silicosis Hazard 
Db"? COUNT samples were collected in the 
mines and in the various saw and 
planer rooms by means of a Midget Im- 
pinger using a mixture of distilled water 
and a'cohol as the collecting medium. In 
the mines, the count samples were collected 
so as to integrate as well as possible the 
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dust exposure of the miners during drill- 
ing operations only. This exposure exists 
probably no more than one-half the work- 
ing day on the average. The remainder of 
the day’s work may be considered essen- 
tially dust-free. In the mills, the count 
samples were collected over 30 minute 
periods while walking about the workroom. 
These counts should represent the average 
exposure of saw and planer room workers. 
This exposure may be considered to exist 
unchanged throughout the working day. 

The average of counts made in the mines 
was 150 m.p.p.c.f. The approximate aver- 
age exposure over a whole day would there- 
fore be 75 m.p.p.c.f. The average of counts 
made in the mills was 17.3 m.p.p.c.f. This 
figure is considered to be the average all- 
day exposure. 

A sample of slate dust was taken from 
one of the saw tables early in the investi- 
gation. This was examined for free silica 
by the x-ray diffraction method. The re- 
sult showed that the dust contained 38% 
free silica. Six additional samples of slate 
and slate dust were later analyzed by a 
chemical method. The average of the re- 
sults was 26.3% free silica. A sample 
of “rubbish,” which must be worked to ob- 
tain the slate, was analyzed by a chemical 
method giving a result of 41% free silica. 
A sample of settled dust taken from a ledge 
in the mill five feet above the floor and a 
sample of dust pumped out of the mill air 
were counted differentially by the immer- 
sion method to determine the percentage 
of free silica by count. The average of the 
two results was 34%. This result was 
near the average of the weight percent re- 
sults. No significant error could be intro- 
duced by averaging it in with the weight 
percent results. Simply. for purposes of 
practical appraisal, this was done. The 
average of the four results was 34.8% free 
silica, and this was taken as the approxi- 
mate composition of the average worker’s 
dust exposure. This final average may be 
somewhat low due to the possible loss of 
free silica by solution in acid in the course 
of the chemical method of determination. 

A preponderance of expert medical opin- 
ion has stated that a concentration of five 
million particles of free silica per cubic 
foot of air is the maximum which may 
be considered safe for a healthful working 
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environment. On the basis that the aver- 
age air-borne dust in the mines and in the 
plant contains 34.8% of free silica, the 
maximum safe total dust concentration 
would be not over 14.4 m.p.p.c.f. It is 
seen that the average exposure in the mines 
is several times greater than this figure 
and that the average exposure in saw and 
planer mills is somewhat greater. 

From the above described engineering 
study, it was concluded that a serious haz- 
ard of silicosis existed in the mines and 
a lesser hazard existed in the saw and 
planer mills. 


X-Ray Survey 
DURING May, 1948, the Division of Tu- 
berculosis Control of the Maine State 
Department of Health and Welfare made 
a chest x-ray survey in the town where 
the slate mines are located. The slate com- 
pany was urged by letter from the Sani- 
tary Engineering Division to encourage as 
many of their employees as possible to 
take advantage of the chest x-ray service. 

At the time of the survey, the company 
was employing 102 persons. Of these, 88 
or 86% were x-rayed. Of those x-rayed, 
20 or 23% were given a tentative diag- 
nosis of silicosis. Four more, or 444%, 
were given a tentative diagnosis of tu- 
berculosis. Therefore, 2742% of all em- 
ployees x-rayed showed x-ray evidence of 
either silicosis or tuberculosis. 

The number of years worked for the 
company varied from five to 50. The aver- 
age number of years worked was 24.6. 
The average age of the workers was 53 
years, with ages ranging from 40 to 68. 

In addition to those presently employed 
by the company, 11 former employees were 
found to have x-ray. evidence of silicosis 
and four more were found to have x-ray 
evidence of tuberculosis. 

It is unfortunate that a complete em- 
ployment history of each worker was not 
obtained at the time of the chest x-ray. 
If such had been done, better correlation 
between total lifetime silica dust exposures 
and x-ray evidence of lung damage might 
have been shown. Nearly complete his- 
tories were later obtained from the plant 
personnel records and the plant manager. 
Some information was unavoidably lacking 
because a number of the men had worked 
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in another slate producing establishment 
which had been out of business a number 
of years. The plant manager was able to 
supply some of this information from per- 
sonal knowledge. 

The 20 men with x-ray evidence of sili- 
cosis, who were employed at the time of 
the study, had an average lifetime ex- 
posure to silica dust of 317 m.p.c.f. years. 
Individual lifetime exposures ranged from 
90 m.p.c.f. years to 650 m.p.c.f. years. Of 
the 20, seven had been subjected to the 
heavy dust exposure of the mines, and 13 
had worked under the relatively light ex- 
posure of the mills. 

For the ten year period 1938-1947, there 
were 13 deaths from tuberculosis in the 
town involved in this study. For a town 
of 977 population, this gives an average 
rate of 133 per 100,000. This is 4.43 times 
the general rate for the state for the same 
period. 

Even if this disproportionate rate of 
deaths from tuberculosis may not be di- 
rectly attributed to working conditions at 
the slate works, it is obvious that silicosis 
acquired at the mines or slate mills has a 
greater than ordinary opportunity to be- 
come complicated with tuberculosis. It is, 
of course, well known that silicosis predis- 
poses to tuberculosis, and that the resulting 
silico-tuberculosis is a more serious condi- 
tion than either silicosis or tuberculosis 
when uncomplicated. 

Death records for silicosis were avail- 
able over an eight year period only. During 
this time, 12 deaths were attributed to sili- 
cosis. Because of difficulty in diagnosis, it 
is believed that this number is less than ac- 
tually occurred. However, of those recorded, 
two were recorded as slate workers residing 
in the town studied. 


Progress of Improvements at Slate Company 
‘THE COMPANY has been making efforts to 

reduce dust exposure in connection with 
mine drilling operations for some time. 
Since this study began, a number of wet 
type drills have been acquired and placed 
in use on a trial basis. In each case, it was 
obvious that wet drills do not produce any 
appreciable amount of air-borne dust. How- 
ever, several practical difficulties stood in 
the way of the permanent adoption of wet 
drilling methods. 
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In the first place, difficulty was experi- 
enced with freezing of the water supplied 
to the drills. Much time was lost in develop- 
ing a type of heater for compressed air lines 
that would give a practical solution to this 
problem. 

After the freezing problem was solved, 
much more difficulty was had with the 
miners themselves. It appears that manipu- 
lation to get just the right proportion of 
air and water under various conditions of 
drilling is an art acquired only after long 
practice. At first, the miners were con- 
vinced that use of wet drills would perma- 
nently slow down mine production, and make 
much harder work for them. It is firmly 
believed by the writer that, lacking the 
known results of the engirfeering study, the 
x-ray survey, and the personal persuasion 
of the Bureau of Health representative, dry 
drills would still be used in this establish- 
ment. However, for a number of months 
now, wet drills have been used exclusively 
in all the mines. Furthermore, all indi- 
vidual miners greatly prefer wet drills— 
not just because they eliminate a health 
hazard, but also because they speed pro- 
duction once the knack of using them has 
been acquired. 

The Division of Sanitary Engineering 
originally recommended converting the saw- 
ing operation in the mills to a wet process. 
Local exhaust ventilation was recommended 
as an alternative. The company has elected 
to install local exhaust ventilation. 

The equipment was designed and built 
by a well-known specialist in the field. At 
the main mill it consists of one central fan 
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with exhaust hoods just above and just be- 
low each saw blade. The system discharges 
to a cyclone separator and thence to a re- 
mote area on the mill dump. Some of the 
material collected by the cyclone is sold so 
that the company recovers a part of the 
cost. For the two outlying mills, the sys- 
tems are similar except that they discharge 
direct to remote areas in the woods without 
interception of heavy dust in a cyclone 
separator. 

No new control of dust has been pro- 
vided for the planer tables. Extra care is 
being taken, however, to wet the waste be- 
fore it is removed from the table. Saws and 
planers are located in the same workroom. 
The average of dust counts made in the 
mill after the ventilation system was in- 
stalled was 2.2 m.p.c.f. As long as dust con- 
ditions remain at this level, the silicosis 
hazard may be considered eliminated in this 
area. 


Summary 
It HAS BEEN shown by engineering methods 
that dust conditions at a Maine slate pro- 
ducing establishment were in excess of 
those considered safe to avoid the hazard 
of silicosis. A chest x-ray survey has indi- 
cated that these excessive dust conditions 
have caused a strongly significant number 
of probable cases of silicosis and tubercu- 
losis. 

In response to recommendations from the 
Division of Sanitary Engineering, Maine 
State Department of Health and Welfare, 
the company completed measures deemed 
necessary to control air-borne silica dust. 


TH FOLLOWING reviews by the staff of E. H. Sargent & Company are 

available on request: “The Polarography of Tin,” “The Polarography 
of Lead,” “The Polarography of Vitamins,” “The Polarography of Car- 
bonyl Compounds,” and “The Polarography in the Insecticide Industry.” 
Each article has appeared in Scientific Apparatus and Methods, quar- 
terly publication of E. H. Sargent & Company. 
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Health Hazards in the Manufacture of Neon Signs 


D. B. DICKSON and OTTO PAGANINI 
Engineers, Industrial Hygiene Section 
Bureau of Sanitary Engineering 
Texas State Department of Health 
Austin, Texas 


URING THE PAST YEAR a great deal of 

attention has been focused on the 
health hazards involved in the manufacture 
and disposal of fluorescent lighting tubes. 
In the spring of 1949 some thought was 
given to the possibility that the manufac- 
ture of neon signs, might likewise present 
a hazard. In order to gain some knowledge 
of the manufacturing process, one plant 
was visited and the various steps in the 
manufacturing process followed from the 
raw materials through to the finished prod- 
uct. The results of this initial visit indi- 
cated the need for a complete survey of 
the industry. This report, however, covers 
only 21 shops in two Texas cities. 


Observations 


HE NUMBER of workers employed in the 

neon sign shops surveyed ranged from 
a low of two to a maximum of 29. Not 
all of those employed were engaged in glass- 
blowing, only two or three employees on 
the average being occupied with this phase 
of the manufacturing process. All glass- 
blowers were male. 

The manufacturing process consists of 
designing the sign, constructing the body, 
glassblowing and bending the glass tubing, 
installing the wiring, and erecting the 
signs. 

Manufacturing the sign body involves 
the construction of a steel framework, 
which includes cutting, punching and weld- 
ing steel angle iron, making a pattern lay- 
out, and cutting a sheet metal covering for 
the frame. The sheet metal is ordinarily 
fastened to the frame with bolts. Wiring 
is also installed during the fabrication of 
the sign body. If the sign bodies are to be 
enameled, this work is done by other firms 
specializing in this type of work. The 
glass tubing which forms the letters is more 
often installed after the erection of the sign 
at the location at which it is displayed. 


D. B. Dickson is now Chief Chemist, Dallas Co. Park 
Cities, Dallas, Texas. 


The glassblowing operation is performed 
by heating the glass tubing with a stopper 
in one end of the tube over either a ribbon 
or cross fire type of burner until it reaches 
the fusion temperature if the glass is to 
be welded, or until it can be blown or bent 
to form letters. While the letter is being 
formed, a slight pressure is created in the 
tube by inserting the open end in the mouth 
and blowing into the tube. This is done to 
maintain a uniform tube diameter at the 
weld or bend. Sometimes a small rubber 
tube is used as a mouthpiece for long tubes 
which are awkward to handle in the above 
manner. 

After the glass tubing is heated to 
the proper temperature at the spot where 
the bend or turn is to be made, it is laid 
over the pattern drawn in pencil on asbes- 
tos paper and formed. After the letters 
are formed, the electrodes are welded on 
the ends of the tubing. A glass pumping 
tip is then blown on one end of the tubing 
slightly to the rear of the welded end of 
the electrode. If mercury is to be inserted 
a small bulb is incorporated in this tip and 
a small drop of mercury (0.5 gm.) inserted 
into the bulb and the end of the tip welded 
to the pumping manifold prior to pumping, 
bombarding, and insertion of the gas. A 
vacuum is pulled on the glass piece and all 
moisture removed by passing 20,000 volts 
with a maximum of 3,000 milliamperes 
through the tube. It is then charged with 
the desired inert gas and the tip is sealed. 
During the sealing operation the tube is 
removed from the manifold connection. As 
stated above, if mercury is to be incorpo- 
rated into the tube, the mercury in the 
small glass bulb is poured into the tube and 
the small bulb removed. It is necessary to 
age the unit with high voltage followed by 
a final aging with ordinary operating volt- 
age of 12,000-15,000 volts. As a final step, 
the portions of the tube not forming parts 
of the desired letters are blanked out with 
paint. 
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Fig. 4. 


Fig. 2. 
View of poorly ventilated shop, showing poor 
housekeeping, common to many small shops. 


Repair of damaged tubing involves the 
removal of mercury from the tube since 
heating the tube in the presence of mercury 
results in discoloration or darkening of the 
glass. Removal of the mercury is most 
commonly accomplished by tapping the tube 
on the side or top of the pattern table and 
allowing the mercury to fall out. Unless 
this mercury is recovered it contributes to 
the mercury contamination in the working 
area. Some of the shops used nitric or 
hydrofluoric acids to clean old tubes con- 
taining mercury. No protective equipment 
is used in this procedure and few workers 
are aware of the danger of skin burns from 
the use of these acids. 


THE PRINCIPAL health hazards in connec- 

tion with neon sign manufacturing are 
exposure to mercury, cleaning agents, be- 
ryllium phosphors, high radiant tempera- 
tures and spray painting of sign bodies. 
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Accidental electrocution by high voltages 
constitutes a major safety hazard. 

Inhalation or ingestion of mercury is 
possible during the reworking of old tubes 
containing mercury. This possibility is con- 
siderably decreased when a rubber tube 
mouthpiece is used since the mouthpiece 
may range from three to five feet in length. 
It may be assumed that condensation of the 
mercury vapor takes place or the residual 
air in the mouthpiece is sufficient to pre- 
vent direct inhalation of mercury vapor. 
In practice most glassblowers inhale with 
the mouth open or breathe through the nose 
while holding their tongue over the open- 
ing of the blow-tube. Exposures to mercury 
were observed in the neighborhood of 3.2 
milligrams per cubic meter of air over short 
periods of time. One worker obviously had 
been exposed to the extent that amalga- 
mation had occurred on a gold inlay on his 
front tooth. Upon questioning he admitted 
to having lost two gold inlays through 
amalgamation during a period of 15 years. 
In addition to the amount of mercury actu- 
ally used, many times this amout is lost or 
discarded in the average shop. Since the 
mercury breaks up into minute globules 
upon striking the floor, it is unseen and 
therefore ignored by the workers. The 
amount of mercury retained on the pattern 
table is significant since it is this mercury 
which is brought into contact with heated 
glass and vaporized, that causes many of 
the momentary high mercury exposures. 
One plant discarded the used mercury-filling 
bulbs into a container directly under the 
pattern and bombarding tables, and al- 
though this area had been in use only a 
few months, concentrations of mercury were 
observed as high as 0.70-0.85 mg/cu. meter. 

The use of hydrofluoric and nitric acids 
as cleaning agents has already been men- 
tioned. The acid is usually added directly 
into the tube, allowed to drain out and 
the tube is then rinsed out with water. 
Drying of the tube is accomplished by blow- 
ing compressed air through the tube. No 
determinations were made of the exposures 
to these cleaning agents. 

The amount of beryllium exposure could 
not be determined accurately. Samples of 
several types of tubing were submitted to 
laboratories of the Texas State Department 
of Health for analysis. The results indi- 
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cated that the white, warm white, daylight, 
and yellow coated tubes contained beryllium. 
All samples were obtained from tubing 
manufactured prior to July 1, 1949. The 
only observation which can be made con- 
cerning this exposure is that the glass- 
blowers are exposed during certain oper- 
ation, and that, in general, sufficient break- 
age of tubing occurs to constitute a pos- 
sible hazard from liberated beryllium dust. 
Temperatures in the glassblowing rooms 
averaged 95° F. with maximum tempera- 
tures of 110° F. and the heat in these rooms 
may result in the well-known physiological 
effects of high temperatures plus the in- 
creased volatilization of mercury. Ventila- 
tion of the shops poses a difficult problem 
since it is claimed that any appreciable dis- 
turbance of the air in the area of the pat- 
tern table interferes with the gas burners 
which consist usually of one U-burner, one 
ribbon fire burner, and two cross fire 
burners. This is probably the reason why 
many of the giass blowing areas are located 
in corners of the building or in semi-en- 
closed rooms. One shop solved the ventila- 
tion problem by introducing outside air 
under the pattern table and exhausting the 
heated air at the ceiling above the burners. 
One plant had installed a canopy hood which 
removed the heated air by natural draft. 
During the summer season most shop win- 
dows are open, which aids considerably 
in lowering the concentrations of mercury 
vapor. The concentrations present during 
periods of cold or inclement weather may be 
presumed to be significantly greater. 
Spray painting, in all of the shops which 
performed this type of work, was inter- 
mittant and done in one corner of the plant 
using a curtain to separate the operation, 
or else a separate room or building was 
used. Workers at this operation were either 
supplied with chemical cartridge respirators 
or furnished their own. Most spray rooms 
were locally exhausted; a few depending on 
natural ventilation. The paints found in 
the shops were synthetic enamels and very 
little lacquer is used. On one occasion metha- 
nol was found but no explanation of its 
use was given. One exhaust fan was found 
to be drawing exhausted air back into the 
workroom due to the relation between its 
location on the roof and the fresh air inlet 
windows. The air exhausted by the roof- 
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mounted blower was deflected down and into 
an alley and again entered the building 
through the open windows. 

An exposure to high voltage and am- 
perage results from the bombarding of the 
tubes. This operation consists of attaching 
the traveling leads from the high side of 
the transformer to the electrodes of the 
tubes to be bombarded. A maximum of 
20,000 volts and 3,000 milliamperes (3 


Fig. 3. 
Modern neon sign shop showing good house- 
keeping. Note the ribbon burners and tube 
storage rack. 


Fig. 4. 
Pattern and layout table of modern shop, show- 
ing bombardment table and controls. 
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amps.) is applied to the tube for a short 
period of time to dry out the tube and to 
pre-age it following the introduction of the 
charge of the desired gas. The high volt- 
ages are obtained by the use of a trans- 
former with a maximum capacity of 20,000 
volts and 3,000 milliamperes. Safety meas- 
ures have been taken to prevent accidental 
electrocution by using lockout switches and 
spring control switches on the transformer 
circuit. The lockout circuits are provided 
with warning lights which notify the oper- 
ator when the circuits are closed. Voltage 
control units are used to control the volt- 
age output of the transformer from 0. to 
20,000 volts and 0-3,000 milliamperes. In 
two plants it was observed that spring 
type switches were not used to apply the 
voltage through the controller and tubes, 
requiring the operator to turn this circuit 
off and on. Only one electrocution has been 
reported. This was due to the operation 
of the unit by an unauthorized person, un- 
familiar with the equipment. Most workers 
were aware of this particular danger. 

Housekeeping in the neon sign plants 
generally ranged from fair to poor. Clean- 
up duties were not assigned to particular 
individuals save in a few modern establish- 
ments. As a general rule floors are swept 
once or twice each week. Rugs, mats, and 
duckboards are seldom moved or cleaned 
and some of the highest concentrations of 
mercury vapor were found at the floor level 
above the mats. Broom cleaning only tends 
to further spread the spilled mercury. 
Wooden and concrete floors are often rough 
and of such nature that small globules of 
mercury are trapped. Work tables were ob- 
served to have large amounts of spilled 
mercury on their surfaces which apparently 
was of little concern to the plant personnel. 

Sanitary facilities were in many cases 
poor or entirely lacking. The space allotted 
for tube fabrication is often inadequate 
and little effort is made to provide orderly 
storage for new materials or separate stor- 
age for old and discarded tubing. 

All mercury vapor concentrations were 
evaluated by General Electric Company Va- 
por Detectors calibrated for mercury va- 
pors. 

Composite results for tests conducted dur- 
ing the survey of eleven of twenty-one shops 
are given below: 
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MERCURY VAPOR CONCENTRATIONS, 
Mc/cu. METER 
ComposITE RESULTS OF CONDITIONS 
IN 21 PLANTS 


Sample location Low High Average 
Floor level 0.60 0.85 0.72 
2” above floor 0.06 0.29 0.17 
6” above floor 0.32 0.60 0.47 
12” above floor 0.25 0.40 0.33 
Table level 0.26 0.54 0.40 
3” above table 0.09 0.59 0.33 
6” above table 0.41 0.85 0.55 
Breathing zone 0.10 0.15 0.12 


The variation among individual plants is 
considerable. This fact is borne out by the 
results given below which were found in 
ten shops: 

MERCURY VAPOR CONCENTRATIONS—MG/ CU. 

METER RESULTS IN 10 PLANTS 


2” above Table Breathing 
Plant floor Level Zone 

A 0.02-0.12 No test made 0.02-0.08 
B 0.25*-0.85** 0.062-0.06 0.0z 
Cc 0.04-0.24 0.02 0.02 
D 0.02 0.12** 0.02 
E 0.03-0.06 0.04 0.02-0.06 
F 0.04-0.30 0.02 0.02-0.07 
G 0.10-0.17 0.06-0.25 0.02-0.06 
H 0.60 Trace-0-12 Trace-0.06 
I 0.07-0.25 0.07 0.02-0.04 
J 0.14-0.15 0.04-0.10 0.04-0.05 


Table heights were from 2’6” to 3’ above 
floor level 


* Concentrations at glassblowers feet in front of pat- 
tern table. 

** High due to presence of discarded mercury bulbs 
under table. 
*** Fine droplets of mercury present on surface of 
pumping table at pumping manifold. 


Conclusions 


FRM DATA obtained through the surveying 
of 21 neon sign manufacturing shops, 
it is apparent that: 

1. Poor housekeeping is the rule and 
this combined with crowded workrooms 
increases the hazards present in this in- 
dustry. 

2. Mercury spillage is considerable, and 
in most cases is ignored by workers as a 
menace to health. 

3. Workers in most cases are quite un- 
aware of the attendant hazards and are 
unfamiliar with means of controlling these 
hazards. 
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4. Sanitary facilities are generally poor 
or entirely lacking. 


Recommendations 


1 ADEQUATE and proper ventilation should 

* be provided at the glassblowing and 
spray paint operations in these plants. Ven- 
tilation installations should be designed and 
their installation supervised by a qualified 
engineer. 

2. Good housekeeping should be practiced 
throughout the plant, especially in the 
glassblowing and paint spray rooms. 

3. Suitable receptacles should be pro- 
vided in the shop and especially in the 
glassblowing department for discarded and 
broken glass tubing. Covered containers 
are recommended. 

4. Tables where mercury is handled and 
used should be designed to facilitate clean- 
ing and to prevent mercury from spilling 
onto the floor. Mercury spilled on the floor 
should be removed immediately. A suction 
hose and separator bottle can be used for 
this purpose. 

5. A dump trough with a proper re- 
ceiver should be provided for the collection 
of mercury from old tubing containing 
liquid mercury. 

6. Repairs to old tubing (letters, etc.) 
which contain mercury should be held to 
a minimum. The rubber blow tube should 
be used on all repairs of such tubing. 
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7. Floors in the area where mercury is 
being handled should be constructed of ma- 
terials impervious to mercury and should 
be free of cracks. 

8. Glassblowers should be given a physi- 
cal examination each six months. Such ex- 
amination should be directed toward the 
detection of mercury absorption and be- 
rylliosis. 

9. Bombarding table transformer con- 
trols should be provided with quick-releas- 
ing type spring switches to minimize the 
possibility of electrocution of the operator. 
The operator: should be protected against 
accidental grounding by an adequate mat 
of non-conducting material on the floor in 
front of the bombarding table. Warning 
signs indicating it as a high voltage area 
should be posted around the bombarding 
table. 

10. Workers handling acid in the process 
of cleaning tubing should be provided with 
proper protective clothing to prevent burns 
from accidental splashing of acid. A first 
aid kit should be provided and be supplied 
with burn ointment for treatment of hydro- 
fluoric acid burns whenever this acid is 
used. Workers should be instructed in the 
proper handling and use of acids. 

11. Good personal hygiene should be re- 
quired of the workers. 

12. Sanitary facilities should be con- 
venient and adequate. 


Environmental Cancer 


[I A NEW government publication on environmental cancer, the causative factors 
listed are those arising from medicine, such as arsenicals, diet, habit, natural 
environment, and artificial environment created by industrial civilization. 

The topic of Mechanism of Action points out the direct primary, the in- 
direct primary, and the indirect secondary carcinogens and likewise the routes 
of exposure, such as by skin contact and parenteral introduction. Statistical and 
clinical characteristics of environmental cancer, and reported cancers of indus- 


trial origin are discussed. 


The epidemiology of environmental cancer falls into two major divisions: 
general population studies on regional, racial, sex and other very broad bases; 
and special population studies, either community, industrial plant, or tribal, usu- 
ally in relation to some suspected carcinogen. Experimentation dealing with 
the reproduction of occupational cancers in experimental animals is briefly sum- 
marized and a basic plan for a control program is given. 

This 19-page publication is available from the U.S. Government Printing 


Office for 20 cents. 
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Atmospheric Concentrations of Sulfur Dioxide in St. Louis, 1950 


JEAN J. SCHUENEMAN 
Air Pollution Engineer 
Industrial Hygiene Section 
Division of Health 
City of St. Louis 


N 1936 AND ’37 the Air Hygiene Foun- 

dation of America, Inc. (now the In- 
dustrial Hygiene Foundation) published a 
comprehensive report of the concentration 
of volatile sulphur compounds in several 
cities, including St. Louis. It was desired 
to determine the presently existing con- 
centrations and compare them with the con- 
centrations encountered in the 1936-37 sur- 
vey. It was desired to determine what 
results have been achieved in this regard 
by the smoke regulation program and to 
learn more about how meteorological fac- 
tors affect volatile sulfur compound con- 
centrations and obtain some estimate of 


the relative contributions of residential, 


industrial, and automotive sources to vola- 
tile sulfur compound concentrations in the 
city. 

The winter phase of the 1950 survey was 
conducted on 27 different days between 
February 23 and March 31. The summer 
phase of the 1950 survey was conducted on 
21 different days between June 5 and July 
29. Samples were taken on all days of the 
week and at all hours of the day and so 
arranged as to give full chronological cover- 
age to each sampling station. 

In the winter phase of the 1950 nile 
samples were taken at nine locations dis- 
tributed about the city to give good geo- 
graphical coverage. In comparing data 
from this study with the 1936-37 study, 
the nearest station or stations used in the 
1936-37 study were taken. In the summer 
phase of the 1950 study, samples were 
taken at 14 locations, which coincided with 
locations used in the 1936-37 study. This 
too gave good geographical coverage. 

The method used to determine the sulfur 
dioxide concentrations was the sodium 
hydroxide absorption, iodine titration 
method of Smith and Friis, with some 
minor adaptations. This method indicates 
all volatile sulfur compounds and other re- 
ducing agents which are absorbed in 0.1 
normal sodium hydroxide and oxidized by 


iodine. It is believed that those other than 
sulfur dioxide are present in such small 
quantities that in this report the total 
is reported as sulfur dioxide. 

Temperatures and relative humidities 
were determined in the field by the use 
of a sling psychrometer. All other meteoro- 
logical data were obtained from records of 
the United States Weather Bureau station 
at Twelfth and Market streets in down- 
town St. Louis. 

The following tables indicate the results 
of all the tests for the winter and summer 
phases of both the 1950 and 1936-37 studies 
and some comparative data. 


General Discussion of Results 

ROM THE graphs. shown on page 32 it 

can be seen that the reduction in the 

sulfur dioxide content of the St. Louis 
atmosphere during the period 1936-37 to 
1950 has been very substantial, with an 
average reduction of 73% in the summer 
and 83% in the winter. The factors proba- 
bly contributing to this reduction have 
been: 

1. Requiring the use of low volatile coal 
less than in hand-fired heating plants. In 
general, these coals contain about 3% less 
sulfur than high volatile coals with a range 
in values from less than zero to about 5%. 

2. Requiring solid stoker fuels to be 
washed. This process removes about 25% 
of the sulfur in the coal. 

3. The great amount of changeover from 
coal to gas or oil for fuel with a lower 
sulfur content than the fuel of former 
years. This is shown by the following 
figures showing the type of heating in use 
in single family residences. 


1944 1949 
Gas 5% 20% 
Coal 11% 22% 
Stoker (coal) 16% 17% 
Hand-fired (coal) 68% ALY 


A like conversion has probably occurred 
in all fuel burning installations. 
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4. A large amount of dieselization of 
the railroads in preference to coal burning 
locomotives. At present there are 251 die- 
sel locomotives in daily use in St. Louis 
replacing 484 steam locomotives. 

One factor acting to raise the sulfur di- 
oxide concentrations has been the 25-40% 
increase in the consumption of gasoline for 
auto fuel and the increase from nearly 
none to about 500,000 gallons per month in 
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the use of diesel engine fuel. Beth gas- 
oline and diesel engines emit some sulfur 
dioxide. 

In 1936-37 the winter concentrations of 
sulfur dioxide were 2.17 times the summer 
concentrations. In 1950 winter concentra- 
tions were only 1.37 times the summer con- 
centrations. This indicates that space heat- 
ing is very near perfection insofar as sul- 
fur dioxide emission is concerned. The 


TO 
STUDY CONDUCTED BY APRIL 25, 1937 STUDY 
ST. LOUIS HEALTH CONDUCTED BY AIR 
| DIVISION HYGIENE FOUNDATION 
= an = | | : | | 2 
& | cle Sle | tions from 
1 38W & Grand & West Florissant 27 0.040 0.18 8&5 15 0 70 0.322 1.27 23 20 57 88 
2 64W Broadway & Halls Ferry 27 0.032 0.19 8&9 ll 0 9 0.234 0.62 33 34 33 88 
3 8W Natural Bridge & Union 27 0.031 0.23 8&9 7 4 21 0.302 1.01 14 19 67 90 
4 TW Lindell & DeBaliviere 27 0.026 0.14 93 2? ¢ 51 0.131 0.56 47 24 29 83 
5 54W & Hampton & Fyler 27 0.029 0.13 8&9 i) 34 0.073 0.72 50 18 32 60 
62W 
6 5W & Loughborough & Grand 27 0.027 0.11 96 4 0 44 0.151 0.56 52 18 30 79 
55W 
7 6Wé& Grand & Gravois 27 «0.059 0.32 85 4 11 150 0.124 1.09 37 29 84 52 
2wWw 
s 9W Grand & Market 27 0.060 0.33 &9 4 7 39 0.477 1.32 10 13 77 87 
9 1W&_ Fourteenth & Market 27 0.069 0.51 8&2 7 WW 245 0.345 1.86 9 20 71 80 
10W 
All Stations 243 «40.041 40.51 88.5 11.5 3.7 663 0.252 1.86 25 22 53 84 
Assuming 27 samples at each station 243 «0.239 83 
| | JUNE AND JULY 1950 STUDY |APRIL 27 TO OCTOBER 15, 1937! 
| CONDUCTED BY ST. LOUIS |STUDY CONDUCTED BY THE | 
eg HEALTH DIVISION AIR HYGIENE FOUNDATION | 
= | io | = 8 | 2 38 | = | | 2 
5 a2io of 2:0 i | = 
| LOCATION & n 2 | a (2 igs 
25| | (Essentially the same n | | | | x es 
1 10W Eighth & Olive 21 0.057 0.15 80.9 19.1 0 134 0.156 0.695 38.8 35.8 25.4 63 
2 3w 20th & Salisbury 21 0.034 0.09 100 0 0 42 0.146 0.732 42.9 33.3 23.8 78 
3 4W Broadway & Taylor 21 0.025 0.09 100 0 0 22 0.080 0.283 59.1 36.4 4.5 69 
4 64W Riverview & Plover 21 0.020 0.07 100 0 0 21 0.109 0.438 66.7 23.8 9.5 82 
5 8Ww Easton & Academy 21 0.022 0.06 100 0 0 21 0.106 0.540 61.9 28.6 9.5 79 
6 OW Grand & Page 21 0.039 0.11 95.2 48 0 22 0.175 0.390 31.8 27.3 40.9 78 
7 i ™w Hampton & Oakland 21 0.021 0.10 95.2 48 0 23 «0.065 0.288 82.6 13.1 4.3 68 
8 6W Magnolia & Tower Grove 21 0.036 0.17 95.2 48 0 135 0.056 0.336 76.3 20.0 3.7 36 
9 68W Arsenal & McCausland 21 0.022 0.07 100 0 0 19 0.091 0.529 84.2 10.5 5.3 76 
10 5BW Gravois & Alma 21 0.021 0.07 100 0 0 19 0.057 0.319 73.7 21.0 5.3 63 
11 61W Broadway & Davis 21 0.034 0.24 95.2 0 48 14 0.096 0.322 50.0 28.6 21.4 65 
12 5W Broadway & Meramac 21 0.029 0.20 95.2 0 4.8 33 0.065 0.413 69.7 24.2 6.1 55 
13 2W Broadway & Utah 21 0.020 0.04 100 0 0 33 0.128 0.629 60.6 18.2 21.2 84 
14 1W 1kxth & Chouteau 21 0.042 0.10 95.2 48 0 135 0.217 0.756 23.7 33.3 43.0 81 
All Stations 294 0.030 0.24 96.6 2.7 0.7 673 0.127 0.756 58.7 25.3 16.0 76 
Considering 21 samples at each station 294 0.110 73 
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1950 study indicates that this source con- 
tributes only an average of 0.011 ppm. to 
the general level of sulfur dioxide contami- 
nation. The remaining 0.030 ppm. of the 
total 0.041 ppm. average concentration 
found in the winter season is contributed 
by such sources as industrial plants, power 
plants, autos, buses, trucks, apartment and 
hotel water heating units, refuse burning 
and railroad locomotives, as indicated by 
the summer study when no space heating 
plants are in operation. 

To indicate the progress made in control 
of sulfur dioxide by all sources we may 
note that the winter concentrations found 
in 1950 were only about a third of the 
concentrations found in the summertime of 
1936. 

From maps showing lines of equal aver- 
age sulfur dioxide concentrations (which 
could not be reproduced for this printing), 
it could be seen that, insofar as areas with- 
in the city are concerned, the higher con- 
centrations are to be found in the down- 
town and near downtown areas. This was 
true in both studies. It could also be seen 
that concentrations now found in the down- 
town portion of the city are comparable to 
those which were found one to 20 miles 
outside the city, 13 and 14 years ago. To 
the public, reduction in sulfur dioxide con- 
centrations has been apparent in that they 
no longer notice a sulfury sensation on com- 
ing into the city from the suburban areas. 
Painted surfaces do not require painting 
as frequently as in the past, surface de- 
terioration of stone and similar materials 
is retarded, certain types of corrosion of 
metals is reduced and plants which for- 
merly could not be grown within the city 
are now as hearty in the city as they are 
in the outlying areas. 


Diurnal Variations of Sulfur Dioxide 
Concentrations 

UMMER STUDY: The 1936-37 study indi- 

cates peaks of sulfur dioxide concen- 
trations at about 6:30 A.M. and 11:30 P.M. 
The 1950 study indicates only one peak at 
about 11:00 P.M. 

Winter Study: The 1936-37 study indi- 
cates peaks of sulfur dioxide concentration 
at about 9:00 A.M., 5:30 P.M. and 10:00 
P.M. The 1950 study indicates a peak at 
about 7:30 A.M. and 2:00 A.M. 
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There are actually too little data avail- 
able for the 1950 study to make these in- 
dications very reliable. Other factors af- 
fecting pollution levels were not uniform 
for all the samples and this effect has not 
been balanced out by a large enough num- 
ber of samples. It is interesting to note 
that in the 1950 study, between 10:00 A.M. 
and midnight, sulfur dioxide concentra- 
tions were higher in summer than in win- 
ter. The average wind velocity for this 
period was 11.3 m.p.h. in the winter. Vari- 
ations between week-days, Saturdays, and 
Sundays were not computed for the 1950 
study because of an insufficient number 
of samples. The graphs on the preceding 
two pages indicate the relationship between 
time of day and sulfur dioxide concen- 
trations. 


VARIATION OF SULFUR DIOXIDE CONCENTRA- 
TIONS WITH WIND VELOCITY 


SUMMER 1950 
Wind Ave. 
Vel. at Cone. SO., 


WINTER 1950 


Ave. 
Conc. SO., 


timeof P.P.M. No.of P.P.M. No.of 
Sample _ Volume Samples z Volume Samples 
0-4 0.032 40 0.130 5 
5-9 0.025 105 0.064 60 
10-14 0.031 91 0.034 79 
15-19 0.032 55 0.033 65 
20-24 0.150 3 0.018 25 
25-29 —_ 0 0.030 9 
0-9 0.027 
10-24 0.033 149 — — 
14-29 — — 0.027 115 
Ave. ‘Wind Velocity—Summer 1956 survey—9.4 m.p.h. 


. Wind Velocity—Winter 1950 survey—13.4 m.p.h. 
Ave. Wind Velocity—Summer 1936-37 survey—10.6 m.p.h. 
. Wind Velocity—Winter 1936-37 survey—12.6 m.p.h. 


From these data it appears that wind 
velocity does not affect sulfur dioxide con- 
centrations to any extent during the sum- 
mer but during the winter there is a de- 
cided trend towards lower concentrations 
with higher wind velocities. The wind ve- 
locities encountered in the 1936-37 study 
are very close to those encountered in the 
1950 study which eliminates wind velocity 
as a possible factor in causing the lower 
results in the 1950 study. 

Here again data are somewhat sparse for 
definite conclusions but the indications are 
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¥ THE EFFECT OF WIND DIRECTION ON SULFUR DIOXIDE CONCENTRATIONS 
Wind Direction SUMMER 1950 WINTER 1950 4 
at Time of Ave. Cone. Ave. Conc. 
Sample; SO, PPM. Average No. of SO, PPM Average No. of 
From a Vol. Velocity Samples Volume Velocity Samples 
N 0.023 6.7 17 0.070* 16.0* 1* 
NE 0.014 73 31 0.031 9.2 15 
E 0.055 8.1 18 0.082 8.5 13 
SE 0.053* 6.7* 9g* 0.014 11.7 21 
Ss 0.032 10.4 89 0.022 16.0 40 
SW 0.031 12.3 74 0.074 15.0 41 
WwW 0.030 7.0 21 0.059 11.5 34 
NW 0.020 10.8 30 0.028 14.4 18 
Indeterminate 0.032* 1.0* 5* — — 0 
*Inadequate number of samples. oy 
about what one would expect. In both 


winter and summer the highest concentra- 
tions occurred when east winds prevailed, 
bringing sulfur dioxide into the city from 
the heavily industrialized East Side (lIlli- 
nois), where there is little effective regu- 
lation of such air pollution. 

Considering the winter study, we see 
that the next highest concentrations occur 
with winds from the west and southwest 
which follows the fact that the most de- 
velopment around the city is in these di- 
rections. Portions northwest of the city 
are nearly as developed as portions south- 
west but high concentrations were not 
found with winds from that portion. Low- 
est concentrations were found with winds 
from the northeast, southeast and south 
which follows exactly the pattern of sparse 
development surrounding the city. 

Considering the summer survey, we find 
that after the maximum concentrations 
found during east winds there are high 
concentrations borne on south, southwest 
and west winds which (with the exception 
of south) follows the areas of extensive 


RELATIONSHIP BETWEEN U.S. WEATHER 
BUREAU OBSERVATIONS OF SMOKE AND SULFUR 
DIOXIDE CONCENTRATIONS 


SUMMER 1950 


WINTER 1950 


Condition 

noted Ave. Ave. 

by U.S. Conc. Conc. 
Weather SO,PPM No.of SO,PPM No. of 
Bureau Vol. Samples Vol. Samples 
Smoke 0.023 84 0.044 136 
No Smoke 0.032 210 0.036 107 


development surrounding the city. Low 
concentrations are found when north, 
northeast and northwest winds prevailed, 
conforming to land development patterns 
around the city with northwest being some- 
what out of line. 


Smoke 


THE U.S. Weather Bureau station re- 

cords hourly observations of whether or 
not smoke exists in the air. In all cases 
this is a light smoke, no heavy smoke hav- 
ing been observed during the period of the 
tests nor in the past year. In neither win- 
ter nor summer does this factor seem to go 
along with great variations in sulfur di- 
oxide concentrations. The summer con- 
centrations are lower when smoke was 
noted than when it was not. This differ- 
ence was found to be statistically signifi- 
cant but the cause for the difference is 
not known to the writer. The winter re- 
lationship follows the expected lines but 
was not found to be statistically signifi- 


RELATIONSHIP BETWEEN VISIBILITY AS 
RECORDED BY THE U.S. WEATHER BUREAU 
STATION AND SULFUR DIOXIDE CONCENTRATIONS: 


SUMMER 1950 # 


Minimum Ave. Ave. 
Visibility Conc. Conc. 
in SO, PPM No.of SO,PPM No. of 


_WINTER 1950 


Miles Vol. Samples Vol. Samples 
0-3 0.028 35 0.087 28 
4-6 0.033 29 0.059 47 
7-9 0.034 71 0.014 39 

10-12 0.025 38 0.034 13 
138-15 0.044 16 = 0 
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RELATIONSHIP BETWEEN HUMIDITY AND SULFUR DIOXIDE CONCENTRATIONS 


SUMMER 1950 ONLY 


Relative Ave. Conc. 
Humidity so, No. of 
% PPM. Vol. Samples 

30-39 0.024 18 
40-49 0.035 52 
50-59 0.038 47 
60-69 0.038 82 
70-79 0.019 64 
80-89 0.012 31 


cant. This entire relationship might pos- 
sibly be invalidated by the fact that smoke 
observations were made only at the down- 
town weather bureau station and may not 
be true for all parts of the city. 

The U.S. Weather Bureau Station in 
downtown St. Louis records hourly read- 
ings of the minimum visibility. This is 
the distance in miles to one of a number 
of outstanding structures located in vari- 
ous directions from the point of observa- 
tion. It is the distance to the structure 
closest to the point of observation which 
can still be distinguished by a man, but 
beyond which he cannot observe any of the 
other structures. 

The summer data indicate that there is 
virtually no connection between visibility 
and sulfur dioxide concentrations. 

The winter data indicate a rather sig- 
nificant trend towards higher concentra- 
tions with lower visibilities. ; 

Again the visibility observations were 
made only from one point, not necessarily 
the point where the sample was being 
taken. 

Thsse data were not tabulated for the 
winter survey because too few readings of 
relative humidity were possible with the 
sling psychrometer because of cold weather. 

The above data show only slight re- 
lationship between sulfur dioxide concen- 
trations and moisture in the air. There 
is a slight trend towards lower concentra- 
tions with relative humidities above 69% 
and an indication of higher results when 
absolute humidity is above 7.9 gr./cu. ft. 
The latter is partly because three of the 
22 samples raised the average concentra- 
tion from 0.039 ppm. to 0.059 ppm. These 
two indications are somewhat conflicting. 


Absolute Ave. Cone 
Humidity so, No. of 
Gr. /Cu. ft. PPM. Vol Samples 
3.0-3.9 0.024 9 
4.0-4.9 0.026 37 
5.0-5.9 0.028 61 
6.0-6.9 0.032 95 
7.0-7.9 0.024 70 
Above 7.9 0.059 22 
3.0-6.4 0.029 155 
6.5-9.2 0.032 139 
Summary 


l THE SULFUR DIOXIDE concentrations 

were determined during the winter 
and summer of 1950. It was found that 
these concentrations were 83% lower in 
the winter and 73°. lower in the summer 
than they were in 1936-37. These reduc- 
tions probably have been brought about 
partly by enforcement of provisions of the 
smoke regulation ordinance and partly by 
the increased use of oil and gas for fuel 
in place of coal. 

2. The higher average concentrations 
of sulfur dioxide in St. Louis were found 
at the downtown and near downtown lo- 
cations in 1936-37 and 1950. 

3. Concentrations now found in the 
downtown portion of the city are com- 
parable to those which were found one to 
20 miles outside the city, 13-14 years ago. 
To the public, this reduction in sulfur di- 
oxide concentrations has been apparent in 
that they no longer notice a sulfury sen- 
sation on coming into the city from the 
suburban areas. Painted surfaces do not 
require painting as frequently as in the 
past, surface deterioration of stone and 
similar materials is retarded, certain types 
of corrosion of metals is reduced and plants 
which formerly could not be grown within 
the city are now as hearty in the city as 
they are in the outlying areas. 

4. The 1950 survey indicates that space 
heating contributes only an average of 
0.011 ppm. of sulfur dioxide to the total 
winter concentration of 0.41 ppm. The re- 
mainder is contributed by such sources 
as industrial plants, automobiles, trucks, 
buses, apartment and hotel water heating 
units, refuse burning and railroad locomo- 
tives. 
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5. During the winter 1950 study, it 
was found that sulfur dioxide concentra- 
tions were twice as high during periods 
when wind velocity was below 14 mph. as 
they were during periods when the wind 
velocity was above 13 mph. During the 
summer 1950 study, wind velocity did not 
much affect sulfur dioxide concentrations. 

6. During both 1950 studies the high- 
est average sulfur dioxide concentrations 
were found when east winds prevailed. In 
general, both studies showed that the 
higher average concentrations were found 
in the city when winds were blowing from 
the directions of extensively developed 
areas surrounding the city. 

7. During the summer, average sulfur 
dioxide concentrations were significantly 
higher, when the Weather Bureau did not 
note smoke than when they did. 

8. During the winter 1950 study, it 
was found that average sulfur dioxide con- 
centrations tended to increase as visibility 
in miles decreased. During the summer, 
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March, 


1951 


1950 study, visibility observations did not 
correlate with sulfur dioxide concentra- 
tions. 

9. A tendency towards lower sulfur di- 
oxide concentrations with relative humidi- 
ties above 69% was shown in the summer 
1950 study. 

10. Absolute humidity was demonstrated 
to bear little relationship to sulfur dioxide 
concentrations. There was some indication 
of higher concentrations with absolute hu- 
midities above 7.9 gr./cu. ft. 
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Eczema of the Hands from Wooden-Handled Objects 


RECURRENT ECZEMA of the hands and fingers is occasionally caused by allergic reaction 

from using or making wooden objects. The only two woods known to produce this 
vesicular eczema are cocobolo and rosewood, both of which are used for cutlery handles 
and other utility articles. Some of the common objects made of these woods are the 
handles of kitchen utensils, brushes, umbrellas, and small tools, steering wheels, police- 
men’s clubs, canes, billard cues, rosary beads, buttons, and knobs. The irritating prin- 
ciple is apparently contained in an oil from the wood. The oil is soluble in alkali but 
is precipitated by acid. Persons whose perspiration has an alkaline reaction are sus- 
ceptible, since alkali dissolves the irritatng agent and permits entrance into the pores 
of the skin. The appearance of cocobolo wood dermatitis of the hands is a protean 
eczematous eruption, and only by considering all the etiologic possibilities of hand 
eruptions can the problem be solved. Patch testing of a sensitized person with coco- 
bolo wood shavings may provoke a severe local reaction at the test site and exacerba- 
tion or activation of original areas of involvement. Therefore, an ether extract and 
corn oil dilution of the oleoresin is best for contact testing. Shavings from suspected 
objects in use for some time seem safe to use in the test because some of the oil has 
been lost. J. B. HOWELL, M.D., and D. SHELTON BLAIR, M.D., of Dallas have recently ob- 
served three housewives with severe recurrent vesicular eczema of the hands. Results 


of patch tests for the common causative agents were negative, and the condition re- 
sisted all treatment. In every case, patch tests with cocobolo wood shavings gave posi- 
tive reactions and, after the offending articles were removed from the household, the 

eczema cleared and did not recur. 
—J. B. Howe i, M.D., and D. SHELTON BLAIR, M.D., in Arch. Dermat. & Syph., 62:400, 1950, as 
reprinted in Modern Medicine, February 15, 1950. 
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Unity of Purpose and Action 


URING the months that I have been president, I have heard a continuing mur- 

mur of discord among the primary professions in the field of industrial hy- 
giene, namely the engineers, chemists, physicians and physicists. On some occa- 
sions it has been so low in intensity as to be almost inaudible, but other times it 
has risen to a crescendo that could be heard in many quarters. This situation 
is unhealthy and demands the consideration of every worker in the field. 

Our PURPOSE is clear, I believe, and there is little, if any, doubt in any- 
one’s mind that cooperation or team ACTION on the part of these different pro- 
fessions is imperative if the best job is to be done. These points are not at issue. 
The discontent appears to stem from the question, “Who is going to captain the 
team?” The answer seems so clear that it is difficult to understand why it is not 
obvious to all. The captain should be the man on the team who is best qualified 
for the position; qualified by his ability as an administrator, by his organizational 
know-how, and by his knowledge of industrial hygiene. Profession per se is 
unimportant. Industrial hygiene is a field requiring several skills, no one of 
which has any inherent qualities favoring it in the selection of the leader. 

It is unfortunate that there is not complete unity among us at present. We 
have come a long way and so much remains to be done. There are industrial hy- 
giene problems facing each and every one that challenge the best effort we can 
muster. They cannot be solved by individuals nor by single skills, but only by 
concerted attack. Therefore, it behooves us all to do some honest soul searching 
on the point at issue and then to act in the direction of eliminating the funda- 
mental basis for the discontent. In this day of conflict between philosophies on 
an international scale, we who subscribe to and are willing to fight for the philoso- 
phy- that proclaims the dignity of man as being all important should practice 
what we preach in our every-day associations. Let us see that the captain of 
the team of which we are a member is the man who is best qualified irrespective 
of his profession. There is no more certain way of sounding the dealth knell to 
the continued advancement of the industrial hygiene profession than by permit- 
ting internal disunity. 

* * * * # 

Since industrial hygiene personnel can contribute so much to any health 
emergency service planned for defense against atomic war, I wrote recently to 
the National Security Resources Board inquiring how the members of our asso- 
ciation can make their special skills and know-how available most effectively to 
the local and state civil defense organizations. Reply to this inquiry was pre- 
pared by Dr. R. H. Flinn, who is consultant to the Health Emergency Services 
of the National Security Resources Board. He states in effect that nothing can 
be done through federal channels at present, but that all members of the associ- 
ation should be encouraged to make early contact with the local and state civil 
defense organizations. 


—ALLEN D. BRANDT 
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Washington-Baltimore Section 

T THE RECENT Annual Meeting of the Wash- 
AN ington-Baltimore Section of the Ameri- 
can Industrial Hygiene Association, EDWARD 
B. LANDRY, Safety Director, U.S. Post Office 
Department, was elected Chairman for the 
1951 term. 

MR. LANDRY will head up the local group 
of industrial hygienists for the second time 
since the organization of the local Section on 
September 19, 1944. He was elected the first 
chairman of the Section when it was estab- 
lished. 

The full slate of officers for the Washing- 
ton-Baltimore Section, A.I.H.A. comprise the 
following: 

ROYD R. SAYERS, M.D., Vice Chairman; for- 
merly the Director of the U.S. Bureau of 
Mines, currently Consultant for the Baltimore 
City Health Department, and also Chairman 
Medical Advisory Board, United Mine Work- 
ers Welfare and Retirement Fund. 

G. S. REICHENBACH, JR., Secretary-Treas- 
urer; industrial hygienist with the Bethle- 
hem Steel Corp., Baltimore and formerly with 
the Harvard University School of Public 
Health. 

COL. WESLEY C. cox, MC, USA, Member-at- 
large, Executive Committee for 1950 and 1951; 
the Commanding Officer of the Army En- 
vironmental Health Laboratory, Army Chemi- 
cal Centre, Maryland. 

FREDERICK GOLDMAN, PH.D., Member-at-large, 
Executive Committee for 1950-51-52; indus- 
trial hygienist, Bureau of Public Health En- 
gineering, D. C. Health Department, formerly 
with the United States Public Health Service. 


Ohio Valley Section 


TH RECENTLY organized Ohio Valley Section 

of the American Industrial Hygiene Asso- 
ciation held their first annual meeting Tues- 
day, January 30, 1951, at°8:00 P.M. in the 
lecture room of Kettering Laboratory, Uni- 
versity of Cincinnati. Sixty members at- 
tended. 

DR. D. JOHN LAUER, Assistant Professor of 
Industrial Medicine, University of Cincinnati, 
who had been serving as temporary Presi- 
dent, was installed as the first President. 
Other officers installed were as follows: 

President-elect: CHARLES D. YAFFEE 

Senior Sanitary Engineer 
U.S. Public Health Service 
1014 Broadway, Cincinnati. 


American Industrial Hygiene Association 


—News of the Local Sections— 


Secretary-Treasurer: ANDREW D. HOSEY 
Sanitary Engineer ; 
U.S. Public Health Service 
1014 Broadway 
Cincinnati, Ohio 
DR. JOHN D. PORTERFIELD, State Director of ¥ 
Health, Columbus, gave the principal address, ¥ 
“Civil Defense and Its Relation to Industrial J 
Hygiene.” 
|Editor’s Note: Deadline dates for Local® 
Section news are February 1, May 1, August § 
1, and November 1.] 


BOOKS 


FYes AND INDUSTRY. By HEDWIG S. KUHN, | 
M.D. C. V. Mosby Co., St. Louis, Missouri. § 
378 pages on industrial ophthalmology. ; 


HILE this book is of greater interest to the 

industrial eye physician, the safety en-@ 
gineer, and the personnel man, it will also be 
useful to the industrial hygienist. 

Fitting the job to the man certainly is part 
of good industrial hygiene and DR. KUHN ably 7 
shows in her work not only the benefits to @ 
health but also the economic gains arising 
from good vision and proper illumination. 

The industrial hygienist will find the chap- 
ters on Radiation, Chemical Eye Injuries, and 
Illumination, very interesting. The engineer- 7 
ing and medical aspects of these chapters are 
woven together in a unified presentation so ~™ 
that the engineer sees his relationship to the 7 
medical man and the physician sees the role 
of the engineer. Without expressly pointing 
out this relationship, DR. KUHN makes it ap- | 
parent in these chapters. DR. KUHN applied @ 
her knowledge of the mechanics and physi- ¥ 
ology of vision to situations which confront @ 
all of us in industry. 2 

The book is well documented with many % 
references and contains 151 _ illustrations 
which add to reader interest. : 

The basic physics and chemistry of vision § 
touched upon by the author are described in 7 
more detail in the August, 1950 issue of Scien- § 
tific American by GEORGE WALD, Professor of % 
Biology at Harvard University. 3 

DR. KUHN’S book seems to have greater | 
meaning if one has first read Professor Wald’s % 
article. 


—HERBERT J. WEBER 
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